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The Early DoYelopment of Stereochemistry and 
Pasteur’s Law. * 

By Bawa Kartar Singh, M.A., Sc,D., FJ.C. 

The Chemical Society of London, founded in 1841, is the oldest 
existing society devoted to the furtherance of chemistry. In the 
earlier years of this society's life, according to Dr. Scott's presi- 
dential remarks of 1916, it was thought sufficient for the President 
^to read extracts jfirom the report of the Council, sometimes adding 
comments on the balance sheet, which hardly filled two pages of 
the Journal. But with the passage of years, more and more was 
expected from the President until now, at each anniversary meeting, 
he is required to deliver a formal address on some subject closely 
connected with the life of the society as “ a body politic and cor- 
porate, " or on some subject of more purely scientific interest. 

The Indian Chemical Society, which came into existence in 1924, 
w*s founded with similar aims and objects. Its anniversary 
meeting is held, in conjunction with the annual gathering of the 
Indian Science Congress, at different centres of learning with the 
exprtss purpose of affording an opportunity to its Fellows, scattered 
all over the country, to take a more active interest in all its affairs. 
During the first seven years of its existence, both of my predecessors, 
who have occupied the chair, have set the precedent of delivering 
presidential addresses on purely scientific subjects. 

Il is my intention to-day to follow thi'^ cedent, and to divide 
my address into two parts. The first ‘f these will deal with the 
development of stereochemistry from early aes. The second p^rt 
will deal with what is known as Pasteur’s Ifaw, and will contain 
comments on the results obtained in the chemical laboratory of 
the Ravenshaw College, Cuttack, on •the physical identity of 
enantiomers — a subject of fundamental importance im the study of 
optical activity. 

Stereochemistry is an experimental branch of the cheiflical 
science, and may be regarded as securely founded on the experi- 

• 

* Presidential address delivered on the Eighth Annual General Meeting of the 
Indian Chemical Society, ^eld on the 4th January, 1932 at Bangalore, 
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mental investigations %,nd theoretioal speculations of Pasteur, Kekul4, 
Le Bel and Van’t Hoff. Stereochemical speculations, hoi^ever, 
have been prevaien^t in chemistry since olden times. One of the 
six schools of Hindu Philosophy — ^Vai^esika or Atomic Philosophy 
founded by Kanadat — deals with the atomic theory of matter. The 
whole universe and the materia] substances are aggregates of atoms; 
the atoms are imperishable, the aggregates perish by disintegration. 
The law of the conservation of matter follows as a necessary 
corollary from this doctrine. It is thus seen that from very early 
times in the history of science, matter was believed to be perma* 
nent}, incapable of either annihilation or of creation. 

The atomic theory of matter was revived at a much later period 
by the great classical thinkers of Greece, Leucippus'and his successor 
Democritus (about 460 — 360 B.C.). Atoms are non-creatable, 

indestructible and non-changeable. Plato (427 — 347 B.C.) gave 
definite geometrical forms to this original matter and thus assigned 
to it a condition of corporal reality. 

Epicurus (341 — 270 B.C.) assumed all bodies to be modifications 
of a single homogeneous primary matter. He assigned definite forms 
to the particles of matter, which was permanent, and of an unchange- 
able nature. These ideas of the early Greek philosophers were incor- 
porated by the Boman poet Titus Lucritius Cams (90 — 56 B.C.) in 
his poetical work, ‘'De return natura*\ The problem of the size, 
weight and form of the atoms was now thrown into the background 
for lack of experimental data concerning them, and the idea of a 
materia prima captivated the minds of later philosophers. So more 
than a thousand years passed c way without any advance being made 


t According to Sir Radha Krishnan, whatever may be llio date of Ka^ada, he is 
only a systematiser of views which have had a long growth prior to him. He does 
not believe that his atomic conceptions themselves were later than the time of 
Lencippua and Democritlis {Indian Philosophy, Vol. 2, pp. 202.203). 

t Though the doctrine of the permanence of matter has been accepted from the 
times of the early Hindu and Gr3ek thinkers, supporters of the opposite idea have 
nev^r been wanting. In modern times, they are even found among followers of tbe 
'experimental philosophy*. Sir James Jeans is a strong advocate of this opposite 
idea, and has ably summarised the evidence — astronomical and physical — in support 
of (Nature, 1931, 128, 103). The annibiliation of matter, according to the astro* 
nomical evidence, seems to be tbe only possible source of the energy radiated by tbe 
stars, and thus constitutes one of the fundamental processes of the univer<*e. It 
most, however, be admitted that this hypothesis awaits further observational and 
experimental da<;a for its fin a1 assessment. 
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in ^is direction, till we reach the seventeenth ototury, when the 
German chemist, Sennert, once more revives the idea that all matter 
is made up of unchangeable, elementary corpuscles. According to 
Descartes, (1596 — 1660), matter is characterised by dimensions, the 
ultimate particles of matter are the corpuscles, that is the smallest 
bodies which differ in form and size. Gassendi (1592 — 1660), a 
contemporary of Descartes, was also an active supporter of the old 
atomic theory. According to him, there is a limit to the divisibility, 
of matter, and the ultimate particles of this division are called 
atoms, which possess size, form and weight. The atoms unite in 
different ways to form molecules. It appears that the conception 
of molecules is used here for the first time. 

Three chemists were largely responsible for introducing spatial 
ideas into chemistry as a mental aid. They were Qlauber (1604> 
1670), Boyle (1627-1691). and Lemery (1645-1715), Glauber, a gi^eat 
chemical manipulator and an experimenter, was probably one of the 
first to point out that crystal form is a characteristic of each salt 
type, and he recommended its use as a means of chemical identi- 
fications. ^ 

* Boyle pictured his atoms provided with points, hooks and pores 
owing to the preference given to physiological reactions as a means 
of recognition of substances in general. The words, “sour”, '* alka- 
line* and “ salty ” are even to-day used as qualitative attributes for 
chemical substances, being derived from the sensation of taste. 
Boyle’s definition of a salt, “ It is easily dissoluble in water, and it 
affegts the palate with a savour whether good or evil”, clearly re- 
flects the attitude of mind of the corpuscular chemists, which 
ascribed to the corpuscles or atoms, the forms of sharp and pointed 
tools from the analogy of certain mechanical effects which brought 
forth like sensations. , 

Boyle in his “Sceptical Chymist”, published fti 1661, gives further 
expressi(3n to these corpuscular views thus : ‘ ' Whatever may be the 

number of elements, one may some day pl'obably be able to demons- 
trate that they exist as indefinable particles, nevertheless begotten 
of definite form and size, and that it is the arrangement and combi- 
nation of these corpuscles which gives rise to the memifold nniffber 
and varieties of bodies”. According to him acids dissolve metals 
’ when the pointed particles of the first we congruous with those of 
the latter. He posqpares acid particles to knife blades ; some o{ 
tl^se have only one end encased in a shield ; in the case of others 
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both ends have been put into a shield. The existence of the two 
chlorides of mercury for instance, is accounted for in this mechanical 
fashion. ' * 

The French chemist, Lemery, propounded his mechanistic corpus- 
cular theory in his book Cours de Chimie ", which first appeared in 
1675. This work which had been published in no less than six 
European languages exerted a profound influence for about a century 
on the theory of atoms and corpuscles. Chemical character and 
chemical reactions were determined by spatial factors, f.c., by the 
form and size of particles. " Acidity of a fluid is due to the presence 
of pointed particles. An acid is made up of pointed components". 
The strength of acids was regarded as dependent upon the size and 
kind of “points" on the perticles. The reaction between a given acid 
and an alkali was thus a question of steric agreement or steric 
hindrance. 

Salt formation through the action of acids upon metals, such as 
silver nitrate from silver and nitric acid is according to Lemery, an 
operation in which ‘ ‘ the metal is penetrated and reduced to the 
form of salt by the points of the acid." It is thus seen that the 
believers in the corpuscular theory of matter regarded the form < of 
corpuscles as the deciding factor in differentiating different kinds of 
salts, acids, and bases. 

The great development in mechanics in the seventeenth ceiLtury 
associated with the names of Galileo, Kepler and Newton exerted a 
a powerful influence, and chemists of that period were not slow in 
giving mechanical explanations of chemical phenomena. The mecha- 
nical ideas, however, did not prove quite satisfactory in explaining 
chemical phenomena. When an acid acts on a metal, the particles 
of both come into immediate contact. So far the process c<nn be 
regarded as mechanical, but further mechanical explanation is lacking 
as to what takes place after the reacting particles of the acid and 
metal collide with one another. 

It should be mentioned that protest against these mechanistic 
explanations ( with the" aid of points, thorns, pores, screws, clasps, 
etc., of the particles was not wanting even at that time. It was 
made by John Kunckcl, the great physician, in his book, " Labora- 
torium Chymicum " (p. 133) published in 1722. 

It is, however, interesting to note that mechanics once more, in 
these days, is coming into closer relationship wijth chemistry. These 
newer ideas are based not on the classical mechanics of the sev^n- 
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teenth century, but on the modern theory of waVe-mechanicB or 
quantum-mechanics associated with the names of Broglie, Heisen* 
berg and Schrodinger. * 

We have seen that the speculations of the seventeenth century 
had attempted to solve the question of the form of particles by means 
of a mechanistic hypothesis. The eighteenth century supplied a 
new scientific weapon, namely crystallography, in obtaining definite 
evidence concerning jorm itself. Two French crystallographers 
stand out as great pioneers in this development, e,g^, Bomd de 
Ulsle and Eend J. Haiiy. The latter correlated crystalline form 
and chemical composition. This early crystallographic work proved 
^'of great value ki the succeeding century in the formulation of ideas 
regarding the spatial arrangement of atoms in the molecule. 

In 1808 Dalton published his “ New System of Chemical Philo- 
sophy and propounded fundamental concepts of great importance, 
namely, the atomic theory and the laws of chemical combination. In 
the same year Wollaston ^ introduced spatial ideas about atoms. He 
says “ We shall find that the arithmetical relation alone will not be 
sufficient to explain their mutual action, and we shall be obliged to 
aciquire a geometrical conception of their relative arrangement in 
all three dimensions of solid extension''. The molecular theory 
developed by Arnpferc and Avogadro in conjunction with crystallo- 
grapiiy, was instrumental in extending these ideas of spatial arrange- 
ment of atoms. The association of the idea of a spatial environment 
with the structure of an organic molecule began to be more com- 
monly accepted as a mental picture as is seen in Laurent's kernel 
theory (1837). It was based on Haiiy 's theory of crystal structure. 
I.eo|)old Gmelin deserves much credit for giving us for the first 
time, a clear account of stereochemical conceptions. He directed 
attention to the idea of relative position of atoms in the molecyle, 
as this may lead us to arrive at a proper conception of the constitu- 
tion of organic compounds. 

The discovery of the Law of Isomorphism by E. Mitscherlich ^ 
in 1819 “Crystal form is independent of the chemical nature of atoms 
and is determined only by the number and relative position of the 
atoms" was of very great assistance in fixing the relative atomic 
weights of elements, and thus gave great stimulus to the develop- 
ment of the Atomic Theory. The discovery of the phenemenon of 
isomerism by Gaj^-L^ssac ^ soon after — according to which subs- 
tances may exist which have the same composition, but which may 



6 


B. K. SINGH 


be different physically and chemically — ^proved to be of imyticnae 
value in the evolution of the theory of molecular structure of organic 
compounds. The synthesis of urea from ammonium cyanate by 
Wohler in 1828 — the first classical example of an organic product 
built up in the laboratory— broke down the distinction of a ‘vital 
force’ in the chemistry of living and non-living matter. This is also 
one of the earliest examples of a pair of isomeric substances. Itapid 
strides which were now made in organic synthesis led to a remark- 
able increase in the number of isomeric compounds. The older 
theories of structure were found to be inadequate to accomodate all 
this new knowledge of isomeric phenomena, and led Kekul6 in 1858 
to propound his theory of molecular structure, basedk on the hypothe- 
sis of valency and the law of linking of atoms. As is often the case in 
the history of this subject, this great development was brought about 
by Kekul6 when he was only 29 years old. The circumstances under 
which he got the inspiration are recorded by him in a speech 
before the German Chemical Society. “ One fine summer evening I 
was returning by the last omnibus, ‘outside^ as usual, through the 
deserted streets of the metropolis (London), which are at other times 
so full of life. I fell into a reverie (Traumerie), and lo, the atotUs 
were gambolling before my eyes. Whenever, hitherto, these dimi- 
nutive beings had appeared to mo, they had always been in motion ; 
but up to thit time, I had never been able to discern the nature* of 
their motion. Now, however, I saw how, frequently two smaller 
atoms united to form a pair ; how a larger one even embraced two 
smaller ones ; how still larger ones kept held of three or even four 
of the smaller ; whilst the whole kept whirling in a gidejy dance”. 
As a result of the great advance made by Kekul^, the conception of 
molecular constitution followed as a necessary corollary of this new 
doptrine, and led to clearer ideas about the constitution of chemical 
compounds by means* of their graphic formulae. The theoretical 
scheme of Kekul6 proved, however, insufficient to embrace all the 
known facts, until in 1874, Van’t Hoff and Le Bel, independently 
demonstrated ctho all important part which molecular configuration 
plays in the interpretation of certain cases of isomerism in organic 
chemistry. The evolution of the theory of molecular structure into 
that of molecular configuration was brought about by the discovery of 
two pairs of acids, which were destined to play an important pari in 
the development of stereochemical ideas, namely;, racemic acid (Gay- 
Lussac, 1826) isomeric with tartaric acid, and lactic acid (Scbeel^, 
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1780) ik)merio with paralactio acid or sarcolaotlb acid. This advance 
is dug to the crystallographic investigations of PasWur (1848-1860) 
on the first pair of acids and their salts. Previous to this in 1841 de 
La Provostaye had carefully determined the crystal forms of tartaric 
and racemic acids and their salts, Mitscherlich in 18^4 published 
the results of his crystallographic examination of the sodium-ammo- 
nium salts of racemic and tartaric acids, stating that these double 
salts * 'have the same chemical composition, same crystalline form 
and angles, identical specific weights and double refraction, in conse- 
quence of which their axes form the same angles. Their aqueous 
solutions have the same refraction. However, the dissolved tartrate 
rotates the plane of polarised light, whereas the other is indifferent, 
a fact which had*previonjily been noted for this whole series of salts 
by Biot’’. ‘'Blit'*, continues Mitscherlich. “the nature and the num- 
ber of atomst their arrangement and their distance frotf^ one another 
are the same in both bodies** This conclusion, at the time of 
its publication, especially concerned Pasteur who was then only 22 
years old, and was still studying at the Ecole Normale, and four 
years later acted as a stimulus for a whole series of new experimental 
and theoretical investigations. But the course of development of 
Piteteur’s ideas, culminating in his theory of Molecular Dissymmetry! 
is logical and is yet another instance wdiich illustrates that the pro- 
gress of chemistry has been mainly achieved as the result of the co- 
ordiflation of observed facts with a series of hypotheses, each closely 
related in point of time to the one preceding it. It also shows the 
truth of the remarks of Laplace, “The essence of a discovery lies in 
thejeombination of ideas that are fit for combination, and that were 
hitherto isolated.'' An account of this development of ideas has 
been left to us by Pasteur in his two famous lectures ", “Concern- 
ing the asymmetry of naturally occurring organic compounds, “ deli- 
vered before the Chemical Society of Paris in 1800. His theory ,of 
molecular asymmetry is the foundation on wWch modern stereo- 
chemistpy rests. At the time of bis researches, the theory of mole- 
cular structure of Kekul6* had not come* into existence. It was, 

• • 

* The lack of this knowledge is reflected in an error, which Pasteur made in con- 
nection with his researches on rnalie acid. He erroneously concluded lhat every 
asymmetric substance must exist in four different forms (Lectures on molecular* dis- 
symmetry, I860}. The number of isomeric forms into which an asymmetric moiecoie 
may exist, cannot always be predicted without a knowledge of its structural formula, 
which was, however, unknown at that time. Even this error led him to discover the 
fourth tartaric acid, namefH)^, the meso, the internally compensated variety. 
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therefore, not possible to depict structurally the organic compounds 
by the graphical representation of atomic linkage, and even the two 
dimensional formula©, limited as they are as a true picture of the 
molecule, were unknown at that time. His studies on the influence 
of molecular asymmetry of natural organic products on living matter 
is the direct outcome of his early crystallographic work, and is a most 
surprising chapter of stereochemistry,’* “which,” he says, “opens 
up a new, distant, but definite horizon for physiology.” 

We should now revert to consider this early development of 
ideas in the mind of Pasteur and follow closely his line of thought. 
Hauy and Weiss recognised the occurrence of hemihedral faces upon 
qufirtz and that these faces in certain individuals lay to the right 
and in others to the left. Biot (1813) had found tlfat quartz crystals 
could be divided into two groups as regards their behaviour towards 
polarised* light ; one turned the i)lane of polarised light to the right, 
the other to the left, but to an equal extent. Two years later he 
discovered that organic liquids (oil of turpentine) and aqueous solu- 
tions of tartaric acid and sugar also possess optical activity. Biot 
further showed in 1817 that matter in the gaseous state also exhibited 
this property, as in the case of the vapour of turpentine. The pro- 
perty of optical activity is thus exhibited by matter in all the three 
states of aggregation, solid, liquid and gaseous. Herschell subse- 
quently (1820) correlated these hitherto isolated facts by suggesting 
a connection between the crystal form and optical rotation; ani the 
thought was fully confirmed by experiment in that those quartz crys- 
tals with right hemihedral faces turned the plane of polarised light to 
the right and those with left hemihedral faces turned the plane of pola- 
rised light to the left. Thus a fruitful relation between hemihedrism 
and optical rotation of crystalline substances (such as quartz, etc.) v^as 
discovered. Pasteur, at the outset of his brilliant scientifiic career 
repeated the previously mentioned investigation of de La Provostayc 
on the crystal form of tartaric acid, racemic acid and their salts. He 
discovered something which had been overlooked by tbe great 
physicist, namely that q-II crystals of the tartrate possessed liemihedral 
faces, and correlated this hemihedrism of the tartrates with the 
previous observations of Biot on their optical activity. He thus 
established the same kind of parallelism between hemihedrism and 
optical rotation for tartaric acid and tartrates, both in the crystalline 
state and in solution, as had previously been found by Herschell 
for quartz. Pasteur further investigated the crystal form of racemic 
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acid which showed no hemihedrism, and it had been ahown by Biot 
that aqueous solution of this acid was inactive towards polarised 
light. In this way his first idea of a possible connection between the 
hemihedrism of the tartrates and their optical activity was converted 
* into one of certainty* so far as Pasteur was concerned. But how 
were these facts to be brought into harmony with the previously 
mentioned observations of Mitscherlich* who had found in 1844 that 
the crystal forms of the sodium-ammonium salts of racemic and tarta- 
ric acids were completely identical? Pasteur* at once concluded that 
Mitscherlich had erred in one point. Apparently he had failed to 
observe that the double salt of tartaric acid is hemihedral* while that 
#f racemic acid is not. In order to clear up this point* Pasteur 
repeated this work on the crystalline form of both of Mitscherlich's 
salts with the utmost care. He observed that the double salt of 
racemic acid crystallised with hemihedral faces* some o^ which were 
oriented to the right* others to the left. The two types of crystals 
were separated from one another, and their aqueous solutions of 
equal concentration were examined in the polarimeter. He then 
found with no less surprise than pleasure* that the solution of the salt 
with right hemihedral faces was dextro-rotatory, and that of the salt 
witfi left hemihedral character was laevo-rot&iorj to an equal extent, 
further* on mixing these two solutions* optical activity disappeared. 
The emotions which must have stirred the mind of the young inves- 
tigator were so great that ho was unable to remsun at the polari- 
meter. These experiments were later repeated by Pasteur in the 
presence of Biot* and an account of the dramatic scene which ensued 
had been left on record by Pasteur himself The illustrious old 
physicist was visibly moved so much that he seized Pasteur's hand 
and«exclaimed : "My dear child, I have all my life so loved this 
science that I can hear my heart beat for joy". The correct 
explanation of these facts was given by Pasteur : on crystallising tlfe 
optically inactive sodium-ammonium racemate, the salt must have 
separated into its dextro-BXid laevo-rotsAory components. The dextro- 
and laevo-tartario acids were obtained from the optically active ssHlts 
in a pure state, and possessed equal and opposite rotation. When a 
mixture of equal weights of the two acids was crystallised* the pj*o- 
duct was identical with racemic acid. Pasteur’s acute judgment 
atonce led him to conclude that the molecules of the two tartaric 
«icidB were the same in composition and structure* differing in spatial 
arrangement such thatf one was the enantiomorph of the other. This 

2 



B. £. SINGH 


10 

f 

would be the case only, if their configurations were tridimensional, 
and were related to one another as an object is to its non-supi&rposa- 
ble mirror image, owing to the existence of ‘‘molecular dissymmetey". 
.This view is altogether correct; it is of more universal application 
than the later view of LeBel and Van’t Hoff. Whenever the molecular 
configuration is such that it is different from its mirror image there is 
a possible isomerism in which the two isomers are related to one 
another as the right hand is to the left. In the solid state they show 
enantiomorphic crystals, and in solution opposite optical activity. 

The above mentioned work on sodium-ammonium racemate en- 
abled Pasteur to discover the first of his classical methods for the 
resolution of racemic substances into their optical antipodes. Th^ 
second, salt formation by means of optically active bases, and subse- 
quent fractional crystallisation, followed in 1853. The third method®, 
involving the destruction of one of the active forms by means of 
micro-organisms, was discovered in 1858. 

As it is already pointed out, the theory of Kekul6 had not yet been 
propounded, and therefore, it was not possible for Pasteur to point out 
more precisely the spatial arrangement of the atoms in the molecules. 
The insuflBcieney of two-dimensional formulae of KekultS was gradu- 
ally being recognised, and other suggestions of three-dimensional 
models of molecules were now forthcoming. Butlerow deserves 
special mention in this connection. He thus wrote in 1862, ‘ Let 
us take a simple example, and assuming that all four valency units 
of tstravalent carbon are different, let us give it the form of a tetra- 
hedron, where each of the four surfaces may combine with one 
equivalent of hydrogen. In 1803 he was even more decisive 
with the idea of spatial arrangement, when he said^®, “ If atoms 
really exist, I cannot see why all attempts at determining their ‘spa- 
tial arrangement are useless, as Kolbe would have us believe. Why 
(diould not the future teach us how to moke such determinations ?” 
Even Eekul4, the inventor of two-dimentional formulae was not 
unaware of spatial models, when he said, “ The incompleteness of 
the older models may be avoided, if the four valencies of carbon 
instead of being represented in a plane, are directed along the axes 
.of a hexahedron* starting from the atomic sphere itself and ending 
in the planes of a tetrahedron.”* ^ In 1869 several chemists put 
forward spatial ideas. Ladenburg’s prism formula for benzene 
and its representation by six tetrahedrons by Bosentiehl clearly in- 
volved spatial considerations. Wislicenus’ weftk on the three modifi- 
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oatiohs of lactic acid, which could not be explained on the two-dimen- 
sional %rmulae of KekuI6, forced him to write thus in this connection: 

The facts compel us to explain the differen^fe between isomeric 
molecules possessing the same structural formula by the different 
arrangement of their atoms in space."^^ 

These ideas of spatial arrangement of the atoms in a molecule 
had taken definite hold of the mind of Van’t Hoff, who was then 
only 22 years old. He gave them a mathematical form in his small 
pamphlet published in Dutch in September, 1874, A mere 
detailed account of this work appeared in the following year, in the 
French language, under the title: “ La chimie dans Tespace.** 
l*he circumstances, under which the discovery of the idea of the 
asymmetric carbon atom were made, are thus given by Van t Hoff 
in 1904: “At that time (1873) I had been studying Wislicenus' 
paper on the lactic acids at the University of Utrecht,* and when 
about half way through the article, I decided to stop my work, and 
take a walk. It was during this walk, under the influence of fresh 

air, that the idea of an asymmetric carbon atom occurred to 

« * * 
me. 

^t about the same time (November, 1874) Le Bel published 
independently similar views on molecular symmetry and optical 
rotation. The conceptions of the two young investigators were not 
quite ^ the same. Van't Hoff based his theory on Kekul^'s law of 
the quadrivalency of carbon with the added hypothesis of the tetra- 
hedral environment of the four valencies of the carbon atom. Le 
BeFs starting point was the researches of Pasteur. 

The Le Bel- Van’ t Hoff theory of the asymmetric carbon atom may 
be briefly stated thus : If a molecule contains a carbon atom linked 
to fbur different substituents, the spatial distribution around the 
atom becomes asymmetrical, and this may be effected in two 
different ways, the one being the non-superposabl^ mirror image of 
the other^ The conception of the asymmetric carbon atord involves 
the idea of the “ chemical contrast “ between the substituents as 
well as their dissymmetric spatial arrangement* ^ • 

The doctrine of the asymmetric atom has done great service in 
the development of stereochemistry It is a useful guides in 

deciding whether an optically inactive substance can be resolved into 
its optically active components, this way, elements other than 
•carbon were shown to furnish optically active substances in which the 
enantiomorphism Is associated with the presence of an asymmetric 
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sulpbur seitatium **, tin stiioon '*, boron *®, nitrc^en or 
plKMBphorus atom 

We may now cite oases to illustrate tbe inadequacy of tbe tbeoiy 
of the asyznmettio atom by showing that the presence of such an 
atom in a molecule is not always a necessary condition for the 
occurrence of enantiomorphously related isomers. These oases include 
the complex metal compounds of Werner BerylliobenzoylpyruTio 
acid of Mills potassium disalicyloborate of BoSseken l>me* 
thylcyclohexylidine-4'aoetio iwsid of Pope, Perkin and Wallach 
6 :6'-dinitrodiphenio acid and other compounds of the diphenyl series 
of Kenner and a derivative of 8.nitro-l-naphthyIamine of 
Mills ” 



(in which Ilj = C6H3S03-and R2'= -CHg’COOH). 

Another class of molecularly dissymmetric substances is formed 
by spirocyolie carbon compounds of the type 



The first substance of this kind to be investigated was tbe 
ketodilactone of benzophenone-2 :4 :2':4'-tetracarboxyiic acid 


CO O 



O'— —CO 


and this was followed by another representative of this class, namely. 
bisdihydrocarbostyril-S :8'-8pirane-6:0'-di8ulphonio acid 



8O3H 
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A number of compounds of 8 co-velent sulphur obtained by 

Pfailiips whiofa belong to the suJphonic esters, 

• • 

^ , the sulphoxides 4^ , and the suipbilimines 

O O 

Rj— S"^1^2 ' 

are of very great interest » as the molecular dissymm- 

NSO^R 

etry of this group of compounds is brought about by only three 
radicles attached to the central atom. 

In all cases, these compounds have been separated into their 
optically active antimers. It is thus evident that the Le Bel-Van't 
Hoff idea is only a very special case covered by Pasteur's more 
universal principle. It applies only to the case, not even a simple 
one, in which on account of the wholly asymmetric spatial distribu- 
tion around one of the atoms, the molecule lacks all symmetry. 
The conception of Pasteur, however, covers all cases; those in 
which it is possible to single out an asymmetric atom, and others 
where molecule does not contain such an asymmetric atom, but 
pessesses enantiomorphous molecular configuration brought about 
by a dissymmetric distribution in space even by identical substituents. 
The ** chemical contrast" between the substituents involved in the 
Le •Bel-Van't Hoff hypothesis is not absolutely necessary. It is 
possible for the molecule as a whole to show a non-superposable 
symmetry of its configuration, even if the substituents of the complex 
are identical. The remarkable series of optically active co>ordination 
compounds of the metals of which triethylenediamine cobaltic chlo- 
ride* [Co'" (en) 3 ] Cl 3 and potassium chrome oxalate [Cr"'(C 804 ) 3 ]K 3 
of Werner are examples, form a class of substances in which the 
molecular dissymmetry is associated with very great degree^ of 
symmetry of chemical constitution brought^ about by identical 
substituents. 

Pasteur*8 Law : The Absolute Identity of the Physical and * 
Chemical Properties of Enantiomers, 

As already mentioned, Pasteur through bis brilliant researches 
on racemic and tartaric acids discovered the special isomeric 
religions of the molecules of the same structural formula which 
are related to @acli other as an object is to its non-superposable 
mirror image. Though the great French Savant wm not able 
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to indioate the* precise spatial arrangement of the atom in the 
molecule, he, at onc^, realised that his epoch making discovery 
made it absolutely necessary to recognise the fact that any wholly 
successful representation of the organic molecule must be extended 
in tri-dimension al space. He significantly asks, “ Are the atoms of 
the dextro acid arranged in the form of a right-handed spiral, or are 
they situated at the corners of an irregular tetrahedron, or do they 
have some other asymmetric grouping? This we do not know. But 
without doubt the atoms possess an asymmetric arrangement like, 
that of an object and its reflected image 

The Identity of Chemical ProperUes, — In this way, Pasteur was 
able to olsissify organic compounds into two great groups; symmetri- 
cal compounds with enantiomorphous reflected images. He showed 
that the identity of chemical properties in the case of enantiomor- 
phous compounds, like the two tartaric acids and their deriva- 
tives, persists so long as they are brought together with bodies of 
the first category, potassium hydroxide, sodium hydroxide, 

ammonia, alcohols and ethers; in short with all bodies without 
asymmetry. With such bodies which are devoid of asymmetry^ the 
enantiomorphous forms do not affect the action of chemical aflinity, * 
On the other hand, if they are subjected to the action of bodies of 
the second class, which are themselves asymmetric, then the two 
products which are formed no longer identical in their properties.* 
They differ in solubility, crystalline form, specific gravity, and the 
amount of water of crystallisation, since they are no longer enantio- 
morphous, and may differ from one another quite as much as the 
most distantly related isomers. It is tbu.s seen that moleciilar 
asymmetry may alter the action of chemical affinity. It will be seen 
that Pasteur discovered his second method (salt formation) of resolu- 
tion of racemic compounds into their optically active components as 
the result of his theocetical speculations and the above mentioned 
close reasoning into the nature of molecular dissymmetry. . It was 
not due to any chance occurrence, as is the case with his first 
(spoiitaneous crystallisation) and third (biochemical) method. 

The Physical Identity of Enantiomers, — According to Pasteur’s 
principle of molecular dissymmetry, enantiomorphous molecular 

* The velocity constant of miitarotation of the /i-and-f-oxymethylenecamphor ia 
benzene solution is practically identical (Singh and Bhaduri, J, Indian Chem. S 6 c , . 
1930, 7, 771}* This shows that the enantiomers are identiad ai| regards the rate of 
chemical change involved in the process of mutarotation. < 
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configurations must possess the same total energy. They must 
sho^ similar mechanical stability, and. therefore, -have an equal 
chance of being produced. They must also* possess the same 
scalar properties, such as density, crystal lustre, solubility, re- 
fraction, dispersion. But they must differ in these physical 
properties, which are of the directional (vectorial) nature, such 
as, for example, direction of rotation of the plane of polarisation 
of polarised light, unsymmetrical distribution of the hemihedral 
facets in their crystal forms, and also in the enatiomorphous 
distribution of pyro- and piezo-electrical polarity. The magnitude 
of these vectorial properties is, however, identical for the enan* 
tiomorplious forms. These results follow from classical mechanics. 
On the other band, according to wave -mechanics the dcxtro- 
and larvo-forms of a compound differ in energy and in rotatory 
power, although perhaps only to a very slight extent. The two views 
thus lead to different results. In support of the view derived from 
wave-mechanics, slight but distinct differences are alleged to exist 
in the rotatory power and other physical properties of the dextro- 
and lacvo-torms of mandelic and camphoric acids But Past- 
eur’s Law of Molecular Dissymmetry is too fundamental to be dis- 
missed by a few isolated observations ; the discrepancies in these 
cases may very well be due to some impurities in the substances 
exapained. It seems impossible that the d- and i-forms of a com- 
oound could be other than an object and its non-superposable exact 
mirror-image, agreeing precisely in every detail of structure and 
of properties, except those of a vectorial nature, which differ in 
sigh, but otherwise identical in the numerical magnitude in all 
cases. Moreover it must be borne in mind that the wave-mechanics 
of rotatory polarisation is, at present, in a rather unsatisfactory 
condition. 

With the object of testing the validity of Pa^eur’s Law as regards 
the equ^ality in the numerical value of the rotatory power of the 
opposite active forma, an extended series of investigations on the 
rotatory dispersion of enantiomorphous forms was undertaken in 
1926. The first paper on this subject was published in 1930, and 
since then seven communications have appeared in our Journal 
and in the Transactions of the Faraday Society. An equal number 
of gapers dealing with this subjecttand other aspects of the problem 
still awaits publication. The compounds, which have been exa- 
mined, .belong tt) ffhe aryl derivatives of iminocampbori amino* 



1C‘ B. K. SINGH 

oampbor, amiaometbpJeneoampbor, and the oone^^oadk^ bit 

vatirea of the fQUowiag types (I-VJ): 

'd 

.C=NB yCHNHR yC=CH*NHR 

CsHu<r I CsH,*/ I CsH,,/ 1 

N;=o Xj=o Nj*o 

(I) (II) (HI) 

(B= a monovalent radicle). 


CaH 
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yC=N— X"— N = 0 

I 

X) = 0 0 = 0 
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(IV) 


< CH NH — X"— NH CH = 

I 

0 = 0 


H=Cv 

I >C8H,4 
0=0' 


(V) 


/0= OH— NH— X"— NH— CH = Cv 

OsHiZl I>8H,4 

N3=0 0=0' 


(VI). 

(X"=a divalent radicle). 

The rotatory powers of the d- and {-forms have been examined in six 
solvents for about eight wave-lengtns in the visible region of the 

spectrum (A 6708 to 4868A.U.) r.t 85** tmd at almost identical Bon- 
centrations. Out of about 1600 observations on the rotatory power 
whjch have been recorded and those which still await publica- 
tion, the differences :n the specific rotatory power of the dextro and 
laevo forms correspond to a difference which is within O'Ol** in the 
observed angle of rotation In 80 per cent, cases, between 0'01° and 
O'OS" in 17 per cent, cases, between 0 02'* and 0‘03“ in 2*5 per cent, 
cases, and between ' 0*08° and 0'04'* in the remaining one half per 
cent, cases, the maximum deviation allowable in such observations 
being 0*02'’ in the observed angle of rotation- The three per cent, 
cases, in which the differences are slightly greater than the maxi- 
mum allowable deviation (0*02'*) for certain wave-length, give values 
for rotatory power for other wave-lengths, which are within this 
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0 maximum error , This sbowe that these deviations arerof the nature 
of casual experimental errors. By way of illustration, the rotatory 
dispersion of the d- and Z-forms of aminometb/Ienecamphor is 
jgiven in Table I. 

Table I. , 

Amino methylene camphor. 


t = 35®; 1 = 2 dcm.; solvent = pyridine. 

Concentration (g. in 100 c.c.) of d-form = 3*0016. 
,, M », Z-form = 3‘0024, 


T ina 

• 

rf-forni. 


difference in 

L«] of 

d- and Morme. 

Z-form 


Ivine. 

a 

M 

a 

?«] 

C<l5086 

+ 28-31‘* 

471*7® 

-0*3* 

-28*34* 

472 0® 

A?6209 

26*35 

438*9 

+ 0*1 

26*35 

433*8 

Hg546i 

22*96 

382* 

-0*14 

22*97 

382*5 

Hgyso 

19*68 

326*15 

-0*05 

10*59 

326*2 

Na5893 

18’6l 

3(KV9 

+ 0*4 

18*60 

309'6 

• 

16*93 

282*1 

-0*1 

16*94 

282*2 

Cde438 

14*74 

246*6 

-0*1 

14*75 

245*6 

1^*6708 

13*82 

221*9 

+ 0*05 

13*32 

221*86 


The recent observations of Darmois on the rotatory power of the 
d- and /- forma of the complex^ ammonium salts of molybdic and 
malic acids of the formula [4 M 0 O 3 , 2 C 4 H 4 O 5 ] (NH 4)4 4's5 H^O, 
for mercury green light, show that the observed angles of rotation do 
not differ by more than 1 part in 1000 parts. This is also the accu- 
racy attained with arninornethylenecamphors (Table I). 

These results clearly support Pasteuris principle of molecular 
dissymmetry, according to which the d- and U forms are •represented 
as true mirror images of one another, differing in sign, but absolutely 
identical in the numerical value of the rotatory power. • 

In conclusion, 1 wish to make an observation, w^hich may serve 
to inspire and encourage younger tihemists. It is this; on no 
hcoount are they to be deterred from making bold speculations and 

experiments in fields which have already been trodden by more 

* 

3 
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experienced and older workers. It often happenn that the latter 
have lost that* plasticity of mind, which alone can produce or receive 
fruitful ideas* The account of the evolution of the theories of mole- 
cular configuration of organic compounds, which I have attempted 
to-day, shows that this subject has been exclusively developed, so far 
as fundamental concepts are concerned, by young men, at the very 
threshold of their career — Pasteur, Kekul4, Van't Hoff and Le Bel. 
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On a Test of the Rival Theories of Active Nitrogen. 

By B. D. Chhabha and H .R. Luthra. 


The excitation of the po-called forbidden lines has of late aroused 
considerable interest. Success in such experiments has however 
been rare with atoms of low atomic weight. The experiments des- 
cribed in the folk>wing pages were undertaken to obtain the forbidden 
lines of sulphur. The arguments which justiBed the procedure 
adopted in this investigation may he brief!}’ described as follows : 
When a condensed electric discharge is passed through nitrogen 
streaming in a tube, the gases which come out continue to glow with 
a golden yellow colour (Lewis, Astrophya, J., 1904, 20, 49). 
The exact nature of this after-glow (also called ‘active nitrogen") is 
not even now fully understood. 

• Birge (Nature, 1024, 12#, 642) assumes the existence of a metasta- 
ble molecule with an energy content of about 14 volts. On collision 
(of the second kind) with nn atom of another element it gives up its 
energy and the latter in turn becomes luminescent giving out its 
characteristic lines (Klein and Eosseland, Zeitsch. Physik, 1921, 
4, 46). 

Sponer (Z. Phyail\. l92o. 34, 622) studied the spectrum of nitro- 
gen and active nitrogen, and basing her arguments on the anaysis of 
iho*l>and spectrum of nitrogen, previously carried out by Birgle (Na- 
tional Research Council Bulletin, No. <57, 244) showed that the spec- 
trum of active nitrogen consists of a few selected bands of nitrogen 
and that the strongest bands of active nitrogei^ correspond to vibra- 
tional quantum number a =11, of an electronic state of Ng which he 
calls 'B’. Assuming that the non-polar nitrogen molecule breaks up 
into its constituent unexcited atoms under tfie action a conddhsed 
discharge, and gives rise to the phenomenon of active nitrogen, we 
get from this hypothesis the disssoiation potential of nitrogen a%ll*4 
volts. The long life of active nitrogen is inconsistent with the idea 
that the chances of the two atomic directly combining to form a 
molecule are very remote, for in this case the laws of conservation of 
energy and momentum would not be satisfied. 
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Some ires\i lighi on the subject has recently been thrown by the 
investigations of Compton and Boyce (Physical Rev., 1929, u,88,'’l45) 
on the analysis of* .the ai'o spectrum of nitrogen in the Sohumann 
region and the excitation of the aurorai green line A 5877 by Kaplan 
(Nature, 1928, 121, 711) by a rather interesting method. Kaplan (toe- 
cit.) photographed the spectrum of active nitrogen formed from a miX’ 
ture of 96 p. c. nitrogen and 4 p, c. oxygen and observed the auroral 
line. He explained its presence by postulating the presence of meta- 
stable atoms of nitrogen loaded to an energy of 2*87 and 3 *56 volts. 
The presence of these metastable levels in the spectrum of nitrogen 
was indicated by the work of Compton and Boyce (loc. cit.) and Kaplan 
suggested that since the auroral green line was a forbidden line of 
oxygen atom and required about 3 volts for its excitation, it could be 
developed only under very special conditions. The nitrogen atoms 
in thj after-giow which are loaded with a restricted amount of energy 
are very favourable for its production. This hypothesis by Kaplan 
(loc. cit,) is extremely interesting but evidently needs further experi- 
mental support: 

The most stable configuration of the oxygen-like atoms gives rise 
to '1^2 and terms. The terms were obtained Ly 

Hopfield (Physical Rev., 1927, «, 29, 924) and the singlet terms for 
oxygen have recently been identified by Frerichs {Physical Rci\, 
1929, u, 34, 1239) and he has conclusively shown that the autoral 
green line corresponds to — >-'8 transition. 

In the course of an investigation of the spectra of selenium and 
tellurium, McLennan and Crawford {Nature, 1929, 124, 874) were 
able to identify the transitions for selenium and tellurium 

o o 

at 7247*5 A and 7909 2 A. (The recent work of Bowen on the spec- 
tra of nebulae makes it clear that the so-called metastable states are 
nothing but states of , long mean life and provided that the gases 
involved are at sufficiently low pressure, one may expect emission of 
radiation corresponding to transitions between the levels ordinarily 
designated as^metastabie. In such transitions, it will be noted that 
the azimuthal quantum number selection rules must necessarily be 
violated). 

o 

The line A 6300 A would require for its excitation an amount of 
nearly the same value as in oxygen. We should therefore be able to 
excite this line also by the collisions of metastablb nitrogen atoms in 
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the active nitrogen with sulphur atoms. Such an* experiment, if 
successful, would not only enable us to locate the exact value of the 
metastable levels in sulphur and incidentally heljFf us in understanding 
the structure of the spectrum of sulphur in the Schumann region, but 
would also provide a convincing test of Kaplan's theory of active 
nitrogen. 


Experimental. 

The apparatus employed was practically the same as used by 
Kicblu and Acharya (Proc. Roy, Soc,, 1929, A, 123, 168) and in fact 
similar to that used by most of the investigators on this subject. The 
nitrogen was taken from a commercial cylinder of compressed gas. 
It was purified from oxygen and water vapour by passing it over 
sticks of yellow phosphorus and through tubes contairyng calcium 
chloride and phosphorus pentoxide. 



The form of the discharge tube used is shown jn 
Fig. 1. A condensed discharge was passed^ between the elec- 
trodes Of and 02 - The direction in which the gas flows is indicated 
by arrow-heads. The active nitrogen wa^ developed in the tube and 
was easily recognised by its golden yellow colour. The^iube S con- 
tained powdered sulphur, which was heated to its boiling point by 
passing a suitable current through a nichrome wire coil surrounding 
the tube S. The tube G was also h^ted similarly to maintain the 
sulphur in vapourous state, thus ensuring the complete interaction 
of active nitrogen and sulphur vapour. The position of the slit of 
the spectrometer is also shown in the figure. The spectrometer 
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used was "higber ooastaot deTistioo glass-prism spectrometer’* an. I 
Ilford special rapid panchromatic plates were used for phoiograpl.y 
in the region. 

Reaulta. 

When there was no sulphur in the tube S, the active nitrogen 
filled the tube G entirely with a golden yellow glow. When, how- 
ever, sulphur was heated, the tube G was filled with a faint bluish 
glow, and active nitrogen was faintly visible only in the bend of 
the discharge tube. The photographs of the spectrum of the bluish 

O 

glow mentioned above do not show the line A 6300A which is to be 
expected on Kaplan’s theory of active nitrogen. It is possible that 
the forbidden lines of sulphur are not so easily excited by this melbod 
as those of olfygen, although the two are in the same group. We 
are led to think that Kaplan's postulate regarding the nature of 
active nitrogen requires further experimental support for its accept- 
ance. 

We are very thankful to Professor J. B. Seth and Dr. P. K. 
Kichlu for the keen interest they have been taking in the experimei>ts 
described in this paper. 

Drpaktubnt op Physics, 

OovERNMENT CoLLBOP., Received June 25, 1031. 

Lahorb. 



Synthesis of Chromones. Part I. Condensation 
of Halogenated Phenols fuid Crescds 
with Alkyl Aoetoacetic Esters. 

By Duhehaharan Chaeravarti. 

It has been shown by the author (J. Indian Chem. 8oc., 1931, 8, 
129, 407) that pdlyhydroxy phenols and a*naphthol readily react 
with ethyl aoetoacetates in presence of sulphuric acid or phosphorus 
pentoxide to give l:2*pyrone3 or coumarins, the lattar conden- 
sing agent not favouring the formation of 1 :4-pyronea or chromones 
in those cases, as was expected from the experiments of Simonis and 
his collaborators (Ber., 1918, M, 2016; 1914, 47 , 697. 2220; 1917, 80 , 
1142). The formation of coumarins with these phenols is instanta- 
neous and Is so general that it is difficult to change the course of the 
reaction even in the case of resorcinol-dimethylether which gives 7- 
methoxy-4-methylcoumarin with the elimination of the methoxy 
group. 

A perusal of the literature shows that the phenols differ greatly 
in their degree of readiness to form coumarins using sulphuric acid 
according to Pechmann. Of the cresols, while o-cresol does not 
react at all, m-cresol reacts most readily and the yield of the couma- 
rin from p-cresol is not bad. The halogenated phenols respond to 
this Reaction with reluctance, only traces of coumarins being formed 
(Clayton, J. Ghent, Soc., 1908, 93, 2018). It is however possible to 
change the course of this reaction with these phenols by the appli* 
cation of Simonis method using phosphorus pentolside which yields 
chromones. In order to study the effect of substituents in ethyl 
acetoacetate on this reaction, the cresols* ai^d the halogenat^ 
phenols have been condensed with unsubstituted and Substituted 
ethyl acetoacetates (the a-substituents being methyl, ethyl, propyl, 
isopropyl, isobutyl) with interesting results. ^ 

The halogenated phenols (o-, p-oUoro- and o-, p-bromophenols) 
sare by *far the best in giving a comparatively good yield of the 
chromones but the« geaieralisation made by Simonis, that the o-sub- 
Btitvy>ed phenols give a better yield, seems to be unwarranted. The 

4 
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effeot of the substituents in the aootoacetic ester molecule is not 
very marked *in diminishing or increasing the yield, all giving 
chromones except ethyl^a-iaabutylacetoacetate which gave resinous 
product from which nothing could be isolated. In the case of cresols 
it is found that o-oresol forms chromones with the alkyl acetoacetio 
esters with comparatively good yield ; p-oresol gives a chromone 
when condensed with ethyl^a-methylacetoacetate but when the 
substituetns are ethyl, propyl or taopropyl, no product can be 
isolated ; m-cresol gives a coumarin with unsubstituted acetoacetio 
ester using both sulphuric acid and phosphorus pentoxide, but 
with ethyl'a-methylacetoacebate m-cresol gives a coumarin in poor 
yield using sulphuric acid (Kolestermann and Fries, Annalenf 1*)0&, 
362, 3) and a chromone using phosphorus pentoxide (Petschek and 
Simonis, Ber., 1913, 46, 2014). 

Simonis depended mainly on hydrolytic decomposition to 
establish, the chromone structure of the compounds prepared by 
him ; this often leads however to erroneous results (c/. Baker, J. 
Chem. 8oc., 1925, 127, 2349) and in some cases, Simonis himself 
could not come to definite conclusion due to unsatisfactory hydroly- 
sis. The chromone structure of all the compounds described here 
have been established by their condensation with aldehydes in 
presence of sodium ethoxide to form styrene derivatives. The 
chromones formed by the condensation of phenols with alkyl aceto- 
acetic esters always contain a reactive methyl group in 2<position 
(c/. Heilbron, Barnes and Morton, J, Chem. Soc., 1923, 123, 2569) 
and are thus easily distinguished from 4-methylooumarines as was 
previosuly pointed out by the author (J. Indian Chem, Soc., 1931, 8, 
131). The present investigation also proves that the reactivity of 
the 2-methyl group is not in any way influenced by the presence of 
a group (Cl, Br, or CH3) in the benzene nucleus as is supposed by 
Heilbron and otherj. 

Experimental. 

General lleihod of the Preparation of the Halogenated Chromones. 

A solution of the halogenated pheno) (20 g.) iu alkyl acetoacetio 
ester (19 g.) is slowly added with cooling to phosphorus pentoxide 
(45 g.) in a flask fitted with a calcium chloride tube, the mass 
being occasionally stirred. The mixture generally becomes hot ' 
and in some cases frothing takes place. After ntanding for fifteen 
minutes, it is gradually heated on the water-hath, wlten <^ha 
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mass becomes pasty and the colour changes to red*. The mixture 
is theft thoroughly mixed and the heating continued for about three 
hours. The cold sticky product* thus obtHined**is then treated with 
powdered ice and the viscous oil separating is extracted with ether. 
The ethereal extract is thoroughly washed with 5 p. c. caustic 
potash solution to remove the unchanged phenol and then with 
water to remove the alkali. On evaporating the ether a viscous 
semi-solid product is obtained, which sometimes gives beautiful 
crystals on washing with petroleum ether but generally, if the semi- 
solid mass is placed on a porous plate and left overnight, the 
coloured resinous substances are absorbed and colourless crystals are 
obtained. The product is finally crystallised from alcohol in a yield 
of 17 to 30 p, c. • 

General method of the preparation of the styrene derivatives 
by condensing the chromoncs with aldehydes. — An alcohsHc solution 
of sodium ethoxide is added to a solution of the aldehyde (1 mol.) 
and the chromone (1 mol.) in the minimum quantity of absolute 
alcohol, when the solution becomes warm. The solution, on keeping 
overnight, deposits crystals which are filtered off. A further crop 
of the crystals is also obtained by adding a few drops of water to the 
alcoholic mother-liquor. On recrystallisation from alcohol or acetic 
acid, well-defined crystals are obtained in almost quantitative yield. 


Chromoncs from Chlorophenols. 

S Chloro-2-8tyryl'3 eihylchromonc, obtained by the condensation 
of 8 -*chloro 2 -methyl -S-ethylchromone (from o-chlorophenol and ethyl- 
a-etl^lacetoacetato, Simonis and Schuhmann, Ber., 1917, SO, 1142) 
with benzaldehyde, crystallises from rectified spirit in silky yellow 
needles melting at IS?"®. (Found: Cl, 11‘7. C 19 H 15 O 2 CI requires 
Cl, 11*4 per cent.). • 

6-Chloro-2’methyUB-propylchromone is obtained in 30 per cent, 
yield, fro*m o-chlorophenol and ethyl-a-propylacetoacetate. It crystal- 
lises from alcohol as colourless needles, m.p. 100 ®. (Found: ,C 1 , 
14*72. C 13 H 13 O 2 CI requires Cl, 15*0 per cent.). • 

&-Chloro^2-8tyryUS-propylchromonet the condensation product of 
8-chloro-2-methyl-3-propylchromone with benzaldehyde, crystallises in 
needles from rectified spiril, m.p. 109®, (Found : Cl, 10*64. 

• 02 o^ti 702 Cl requires Cl, 10*9 per cent.). 

8-Chloro-2-meibyl^-isopropylohromonc is prepared by condensing 
o-ehlorophenol with ethyba-isopropylacetoacetate. The reaction 
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starts only wh^ heated; no appreciable change takes place in th 
cold. It crystallises in long shining needles melting at 160^ fron 
absolute alcohol. (Found: Cl, 15'8. CjsHisOgCl requires Cl, 10‘< 
per cent.). 

6-Chtoro-2-styryl-B-isopropylchromone, the product obtained b} 
reacting the above chromone with benzaldehyde, crystallises from 
rectified spirit in fine silky needles melting at 151**. (Found : Cl, 
10*58. CaoB-ijOa Cl requires Cl, 10*9 per cent.). 

6-Chloro-2-8tyryl-8-methyIchTomone is prepared by the condensa- 
tion of 6-chloro-2: 8-dimethylchromone (from p-ohlorophenol and 
ethyl-a-methylaoetoaoetate) with benzaldehyde. It crystallises from 
rectified spirit, m.p. 148®. (Found: Cl, 11'5. CigHjaOg Cl requires 
Cl, 11 ‘9 per cent.). 

6-C1iloro-2-methyl-3-propylchromone is obtained by condensing 
p-chlorophecol with ethyl-a-propylacetoacetate (the reaction starts 
in the cold with much rise of temperature). It crystallises from 
rectified spirit, m.p. 108®, (Found; Cl, 15*26. C13H13O2 Cl requires 
Cl, 15*0 per cent.). 

6-Chloro-2‘Styryl-3-propylchTOfnone, the condensation product of 
6-chloro-2-methyI-8-propylchromone with benzaldehyde, crystallises 
in needles from alcohol, m.p. 126°. (Found; Cl, 11*8. C2 oH,tO«C 1 
requires Cl, 10*9 per cent.). 

6-Chloro'2-methyl-3-i8opropylchromone, prepared from 2»-chIoro- 
phenol and ethyl-a-isopropylacetoacetate, crystallises from rectified 
spirit, m.p. 127®. (Found ; Cl, 14*8. CiglljsOgCl requires Cl, 15*0 
per cent.). 

3-ChloTO-2-atyryl-3-impToi}ylchTomone, obtained by reacting the 
6-ohoro-2-methyl-3-i8opropyichromone with benzaldehyde, crystallises 
in needles from rectified spirit, m,p., 159®. (Found: Cl, 11*8. 
CgoHj 70301 requires Cl, 10*9 per cent.) 

6 : 8-DichXoro~2-8tyryl-3-ethylchromone is prepared by condensing 
6:8-dichloro-2-methyi..d-ethylchromone (from 2 : 4-dichlorophenol and 
ethyl-a-ethylacetoacetate) with benzaldehyde. It is crystallised from 
glacial acetic acid, m.p. 156-57°. (Found: Cl, 21*18, CjoH] 4030)3 
requires Cl, 2o*58 per-cent.). 

Chromonea from Bromophenola, 

8^Bromo-2~atyryl-3-methylehromone, the product of the condensa- 
tion of 8-bromo-2 ; 8-dimetbylohromone (from o-bromophenol' 
and ethyl-a-methylacetoacetate) with bezaldehyde,*' crystallises from 
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absolute alcohol in silky yellow needles melting^at 200**. (Found ; Br» 
28*71a OigHisOjBr requires Br, 28*46 per cent.)* 

Q-‘Bromo-2-meihyl-B-propylchromone, prepyed from o-bromo- 
phenol and ethyJ-a-propylacefcoaoetafce, is crystallised from rectified 
• spirit, m p. 82**. (Found: Br, 28*12. OigHisO^Br requires Br, 
28*4 per cent,). 

6-Bromo-2-8tyTyl-S-methylchrofnone, the product obtained by re- 
acting 6 -bromo- 2 ; 8 -dimethyichromone (from p-bromophenol and 
etfayl-a-methylacetoacetate) with benzaldehyde, crystallises in yellow 
needles melting at 162** from absolute alcohol. (Found :Br, 23*1. 
0 j 8 Hj 302 Br, requires Br, 23*46 per cent.); 

O^BTomo-2-methyUZ-pTopylchromone, obtained from p-bromo- 
phenol and ethyl*a-propylacetoacetate. crystallises f*om dilute alco- 
hol, in. p. 112®. (Found: Br, 28*6. CiaHiaOgBr requires Br, 28*4 
per cent.). # 

0-Bromo~ l-Htyryl'^-propylchromone, is crystallised from rectified 
spirit, m.p. 129®. (Found: Br, 21*2. C^oHiYO^Br requires Br, 
21*6 per cent.). 


Chromones from CresoU. 

2'SlyrylS : 6-dim ethylchromone is obtained by condensing 2:8:6- 
trimetbylohromone (from p-cresol and etbyi-a-methylacetoacetate, 
Petscheck and Simonis, loc, ctt.) with benzaldehyde. It crystallises 
from rectified spirit as hard crystals melting at 120®. (Found :C, 
82*48; H, 6 * 0 . CicjHjgOg requires C, 82'60; H, 6*8 per cent.). 

8:4: O-Trhncthylcoumarin, isomeric with 2:8: 6 -trimethylchro- 
mone is obtained by adding sulphuric acid (20 c.c.) in the cold to a 
solution of p-cresol (4 g.) in ethyl-a-methylacetoacetate (6 g.}, keeping 
overnight and pouring the solution into water. It crystallises from 
dilute alcohol as colourless prisms, m.p. 166®, yield 5 g. (Found; C, 
76*66; H, 6*48. Ci 8 Hi 202 requires 0, 76*6; H, •6*4 per cent.). 

2-8tyryWd : 8-dimethylohromone , prepared by reacting 2 : 8 : 8 - 
trimethylchromone (from o-cresol with «thyl-a^methylacetoacetate, 
Petscheck and Simonis, loo, cit.) with benzaldehyde, crystallises as 
fine needles melting at 188® from rectified spirit. (Found ; C, 82*66 ; 
H, 6*61. C 19 H 10 O 2 requires O, 82*60; H, 6*8 per cent.), • 

2 -(m-nitro-) atyryUd : B dimeil^lchromone is produced by con- 
densing 2 : 8 : 8 -trimethylchromone with m-nitrobenzaldehyde. 
Silky needles (m.p. 226®) from glacial acetic acid. (Pound: N, 4 * 66 . 
C^ 9 Hi 504 N reqmres N, 4*86 per cent.). 
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2:&-Methyl-S-‘ethylchromone, prepared by the interactioii of o- 
cresol with ethyl-a-ethylacetoacetate, oryatallises from dilute alcohol, 
m.p. 71-72®. (Found : C, 77*1; H, 7*2. CJ 3 H 14 O 2 requires O, 77*22; 
H, 6*9 per cent.). 

2-StyryU8-methylS-ethylchromone, the condensation product of 
the above chromone with benzaldehyde, crystallises from rectified 
spirit, m.p. 142®. (Pound: C, 82*91; H, 6*05. C 2 qH ^802 requires 
O, 82*75; H, 6*2 per cent.). 

Coumarins from Resorcinohmono- and dimethylether, 

7-M ethoxy A-methylcoumarin. — (a) Resorcinol-monomethylether 
(5 g.) is condensed with ethyl acetoacetate (6 g.) with sulphuric 
acid (15 c.c.) in the cold. The reaction mixture, on keeping 
overnight, is poured into ice-cold water and the precipitate 
collected and crystallised as rhombic plates from dilute alcohol, 
m.p. 156-57®. 

When phosphorus pentoxide (30 g.) is added in the cold to a 
solution of resorcinol-monomethylether (5 g.) and ethyl acetoacetate 
( 5*5 g.) vigorous reaction takes place. The mixture is poured 
into water and the solid collected and crystallised. It also melts '•at 
156-57,® no depression of the melting point taking place when 
mixed with a specimen of the compound prepared with sulphuric 
acid or with a specimen of the methoxy derivative of /S-methyl- 
umbelliferone. 

(b) To a solution of resorcinol-dimethylether and ethyl ace- 
toacetate sulphuric acid is added drop by drop at 0 ® (otherwise 
effervescence takes place and resinous products obtained). On 
keeping overnight and pouring into water a red solid is obtained. 
It is purified by heating on the water-bath with 10 p. c. caustic 
potash and acidifying. The precipitate, is collected, washed with 
sodium bicarbonate^, solution and crystallised from dilute alcohol, 
m. p. 166-57,® no depression was observed when mixed with 
7 -methoxy- 4 -methylcoumaiin. 

My gratei-Al thanks are due to Prof. R. N. Sen for bis keen 
interest in this investigation, to Dr. J. C. Bardhan for valuable 
advice and to Dr. P. Neogi for advice and facilities for conducting 
this work in his laboratory. 

Chemical Laboratory , lieceived December 24, 1931 

Presidency Collkqb, Calcutta. 



Synthesis of Chromones. Part II. Condensation ol 
Nitrophenols with Alkyl Acetoacetic Esters. 


By Duhkhaharan Chakravakti. 

In order to find a satisfactory explanation of the causes of 
Simonis synthesis of chromones from phenols and alkyl acetoacetic 
•esters using phosphorus pentoxide as the condensing agent, the 
reaction has been extended to nitrophenols and phenol carboxylic 
acids. It is remarkable that phenols possessing a negative substi- 
tuent such as NO 2 and GOOH which do not respond at all to 
Pechmann’s reaction (Clayton, J. Chem. 80 c., 1008, 93, 2108; 
Pechmann, Ber., 1899, 32, 3681), produce chromones, though 

with extremely poor yield, when condensed with the alkyl acetoacetic 
esters by means of phosphorous pentoxide. The nitrochromones 
ar^ described in this paper, while the chromone-carboxylic acids will 
form the subject of the next communication. 

The nitrophenols react with the alkyl acetoacetic esters with 
explosive violence and deeply coloured resinous products are in- 
variably formed. Of the three nitrophenols, m-nitrophenol gives 
the best yield. The nitrochromones derived from wi-nitrophenol 
may be 5- or 7-nitro-compounds and as attempts to establish the 
constitution by hydrolytic decomposition have not been success ul, 
they are now provisionally described as T-nitro-compounds. With 
o-ditrophenol no product could be isolated but it is desired to 
repeat the condensation using solvents. 

These nitrochromones contain a reactive piethyl group in *2- 
position^and hence can readily be condensed with the aldehydes in 
presence of alcoholic sodium ethoxide and are thereby dis- 
tinguished from the isomeric 4-methylcoumarin3. Tlje preaendh of 
a nitro group does nob in any way lower the reactivity of the methyl 
group. 

The work continued by the author in this line leads to the follow- 
ing conclusions: — 

(1) Pechmann* B reaction . — If the phenol reacts with a iS-ketonic 
ester in presence of sulphuric acid, it wfll form always a 
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ooumaria, aay a-subsiibaent in the aoetoaoetio ester moleoale hy.Ting 
no effeet in the ease of resorcinol, orcinol. pyrogallol, phlorogluoinol 
and a-naphthol, whidh aiarays shovr a marked tendency to form 
ooumarins with good yield. P- and t»*oresoIs form ooumatins with 
unsobstituted aoetoaoetio ester, but with substituted ester the yield 
diminishes and no reaction takes place when substituents are heavy 
such as, propyl, isopropyl and isobutyl, due probably to the non* 
enoUsation of the esters. o-Cresol, nitrophenols and phenol-oarbo- 
zylio acids do not react at all. 

(2) jSimonis reaction . — By using phosphorus pentoxide in place 
of sulphuric acid, phenols (e.g., resorcinol, orcinol, pyrogallol, 
phlorogluoinol. a-naphthol) which form ooumarins readily with good 
yield using sulphuric acid, invariably give ooumarins. Phenols, 
which react with difficulty to form ooumarins {c.g., phenol, p-oresol, 
halogenated phenols) or do not react all {e.g., o-oresol, nitrophenols, 
phenol-carboxylic acids, guiacol, hydroquinone) using sulphuric acid 
as the condensing agent, yield with phosphorus pentoxide chromones. 
m-Cresol reacts with ethyl acetoacetate to form ooumarin in good 
yield with sulphuric acid, and it also forms ooumarin with 
phosphorus pentoxide; but with substituted acetoacetic ester, 
m-oresol does not give a good yield of ooumarin using sulphuric acid 
and so it forms a chromone with substituted acetoacetic ester in 
presence of phosphorus pentoxide. 

The theoretical discussion regewding these reactions is reserved 
until further work. 


Experimental. 

General Method of the Preparation of the Nitrochromonea. 

Phosphorus pentoxide (25 g.) is gradually added with stirring to a 
well-cooled solution of the nitropbenol (20 g.) in the alkyl acetoacetic 
ester (lOg.) and the* mixture is very slowly warmed up to 60-70® 
when it gradually becomes pasty and frothing takes place. It' is then 
heated on the boiling water-bath for about hours. If this initial 
haating be not slow and gradual, the reaction sets in with explo- 
sive violence and the temperature rises so much that the whole 
mass'is charred especially in the case of p-nitrophenol. Phosphorus 
pentoxide (15 — 20g.) is again added to the deeply coloured mass and 
the beating continued for an hour more to ensure complete reaction. 
The cold product is then treated with ice-cold water and the black 
product extracted with ether. The ethereal extract is carefully 
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*wa 8 he^ with 3 p.o. caustic potash solution to* dissolve the 
unaitered nitrophenoi and then with water to remove the excess of 
alkali. As the ether evaporates off, shining crystals of the chromone 
separate out» which are filtered off, washed with a little alcohol to 
remove the adhering oily impurities and finally crystallised from 
absolute alcohol. The nitrochromones are mostly sparingly soluble 
in alcohol and ether. 

General method of the preparation of the styryl derivatives by the 
condensation of the nitrochromones iviih aldehydes.^^The method is 
the same as that of Heilbroo, Barnes and Morton {J. Chem, Soc., 
1923, 123, 2509). The nitrostyrene derivatives are coloured yellow to 
ifrown and are highly insoluble compounds. 


Chromones from p-KitrophenoL 

G-Nitro-2 :S-dimethylchromone is prepared by condensing p-nitro- 
phonol with ethyl-a-methylacetoacetate. It crystailises from absolute 
alcohol as shining prisms melting at 163® and is identical with the 
chromone prepared by Petschek and Simonis (Bcr,. 1913, 46 , 2014) 
by sthe nitration of 2 ;3-dimethylchromone. (Found: N, 6 ' 6 . 
C, 1 H 9 O 4 N requires N, 6*39 per cent.). 

(i-Nitro~2-8tyryl-S‘methylehromone, the condensation product of 
G-nitro-2 :3-dimethylchromono with benzaldehyde, crystallises from 
glacial acetic acid as yellow needles melting at 205®. (Found: N, 
4 8 . CjftHijjOj N requires N, 4*56 per cent.). 

(\-Nitro-2’7ncthyU^^ethylchromone is obtained by the interaction 
of p-nitrophenol with ethyl-a-ethylaoetoacetabe. It is sparingly 
soluble in ether and crystallises in needles from absolute alcohol, 
mp. 184®. (Found: N, 0’4. C| 2 Hji 04 N requires N, O’O per 
cent ). 

Ci-Niiro~2-styryl-'d-ethylchromoni\ prepared by condensing the 
chromone* with benzaldehyde, crystallises in yellow needles from 
glacial acetic acid, m.p. 239®. (l^ound; N, 41. OjoHujO^N requires 
N, 4*36 per cent.). * # * 

il-Niiro-2-mcthyl-S--propylchromone is prepared from p-nitropbenol 
and ethyl-a-propylacetoacetate. It is very much soluble in ether 
and is finally crystallised in long needles from rectified spirit, m.p. 

» 125®. •(Found : N, 5*9. C 13 H 13 O 4 N requires N, 5*66 per cent.). 

6-NitrO‘2-methylS-‘^obutylchromonc, the condensation product of 
p-njtrophenol with ethyl-a-i«obutylacetoacetate, crystallises from 

6 
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rectified spirit in Jong needles melting at 96^. In this case an appre* 
oiable amount of black residue remains* which is insoluble in ether. 
(Found: N, 5*8. ei4Hj504 N requires N, 5‘3G percent.). 


ChrowOftfS from m-NitrophenoL 

7-Nitro-2:S-dimethylchromone is prepared by condensing m-nitro- 
phenol with ethyl-a-methylacetoacetafce. The reaction is vigorous 
in this case. It is crystallised from absolute alcohol in needles 
melting at 136®. (Found: N, 6*5. requires N, 0*39 

per cent.). 

7-NHro-2-8tyryl‘S-m€thylchromonr, the product^ of condensation of 
7-m‘tro-2:8-dimethyJchromon0 with benza/dehyde crystallises from 
glacial acetic acid in yellow needles melting at 258®. (Found : N, 4*8. 
C18H13O4 N requires N, 4*50 per cent.). 

7-Nitro-2-methyU3-ethylchromonet prepared from ru-nitrophenol 
and ethyl-a-ethylacetoaoetate, crystallises in needles from absolute 
alcoholt m.p. 167®. (Found: N* 5*8. N requires N, 6*0 

per cent.). 

7-NitTO-2-‘methyl-S’propylchronionc, obtained from m-nitroptenol 
and ethyl-a-propylaoetoacetate, is crystallised from rectified spirit, 
m. p. 136®. (Found: N, 5*72. Ci 3 Hi;^ 04 N requires N, 5'66 per 
cent.). 

7*Nitro-2 (m-nitroyatyryl-S-propylchromono is prepared by conden- 
sing the above chromone with m-nitrobenzaldehyde. It crystallises 
from a large volume of glacial acetic acid, m.p. 250®. (Found ; N, 
7*23. C20H16O6N2 requires N, 7*36 per cent.). 

7‘Nitro-2-methyl b-isopropylchromoiir, prepared from m-nitro- 
phenol and ebhyl-a-isopropylacetoacetate, crystallises from rectified 
spirit in needles melting at 133®. (Found: N, 5*74. Cj 3H3 3O4N 
requires N, 5*66 cent.). 

7-Mfro-2 {rn-nitroyafyryl‘3Asopropylchromonc, the condensation 
product of 7-nitro-2-inethyl-3-i«opropyIchromone with m-nitroben- 
zaldehyde* (^rystalli.ses from a large volume of glacial acetic acid, 
as light yellow needles which do not melt up to 270®. (Found : N, 
7*61. C20H13O3N2 requires N, 7‘36 per cent.). 

7-Nitro-2-methyl-S‘[sQbutylchroMone, prepared from m-nitro- 
phenol and ethyl-a-faobutylacetoacetate, is crystallised from rectified 
spirit, m.p. 158®. (Found: N, 5*44. requires N, 5*86 

per cent.). 
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7-NU$0‘2 {m-nitro)-8tyryl-B-iaobutylchromone, obtained by con- 
densing 7-nitro-2-methyl-3.t«obutylchronioue with •m-nitrobenzalde- 
hyde, is orystallised from glacial acetic acid, m.p. 252". (Found ; N, 
7*28, CaiHjgOcNg requires N, 71 per cent.). 

My grateful thanks are due to Prof. H. N. Sen for his keen 
interest in this investigation, to Dr. J. C. Bardhan for valuable 
advice and to Dr. P. Neogi for advice and facilities for conducting 
this work in his laboratory. 

CasMicAL Laboraiouh , 

PBjjpiDKNcr CoLLEQE, CAWori'A. Recciced December 21, 1931. 




Studies in Quinoline Compounds. Part YI. 

By Upendkanath Brahmachari and Jnanendua Mohan Das-Gopta. 

The first series of compounds investigated in the following paper 
are alkylaminoquinoline derivatives which bear close relationship to 
plasmoquine type of compounds. The general contour is very 
similar; while position 8 is occupied by amino group, position 0 
is occupied by a methoxy, ethoxy or chloro group. Further attach' 
^ment of an al^jylamino group to the former makes the general 
structure akin to that usually ascribed to plasmoquine, the constitU' 
tion of which, however, is not definitely known. The object of 
preparing these compounds is, therefore, to approach \he constitu- 
tion of plasmoquine in a systematic way. The similarity of the 
compounds investigated with plasmoquine will be apparent from the 
following structures. 

\/\/ \/\/ 

1 NHCl N-HCl 

I yCB, i 

^CHg Nl^ HCl \ Xll., 

CMC 

^(GH2)2CH2NEt2‘HCl. 
(Plasmoquine, probable 
structure) 

It will be noticed that the alkylaminoquinolincs prepared by us 
contain asymmetric carbon atoms wblch are al»o present in plasmo- 
quine £md quinine. 

The second series of compounds are characterised by having un- 
saturated linkages (attached to the amino group in position 8), which 
are also present in quinine though not in plasmoquine. 

In all cases the hydrochlorides have been prepared as these are 
more easily crystallised than thfe corresponding bases; moreover, 
tho bases are insoluble in water while the hydrochlorides are 
readily soluble and ^re so well adapted for pharmacological experi- 
ments. 
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Experimental, 
First Series. 



The preparation of this compound is given here in greater 
detail than in qur previous paper (J. Indian Chtm, Sac,, 1931, 8, 
67 j). The starting materials for the synthesis of this compound are 
6-methoxy-8-aminoquiaoline and /S-bromoisopropylphthalimide. The 
former is prepared by nitrating acetyl-p-anisidine and subsequent 
hydrolysis of the acetyl group. 

The amino compound thus obtained is then subjected to Skraup's 
reaction which gives 6-methoxy-8-aminoquinoline (British Pat., 207, 
169). This is then condensed with /i-bromoisopropylphthalimide*. 
This latter is obtained by condensing phthalic anhydride with 
allyiamine and then warming the resulting allylphthalimide with 
fuming HBr or alternately by condensing allyliodide with potassium 
phthalimide and then proceeding as above (c/. Seitz, Bcr., 1891, 24 , 
2624). 

G-Methoxy-8-aminoquinoline (i g.) and bromoisopropylphthal 
imide (2 g.) are boiled together in an oil-bath at 130° for about 0 
hours at the end of which the mass solidifies. The product is then 
treated with alcohol which dissolves the excess of bromopropylphtha- 
limide and aminoquinolme, while the hydrobromide of phthalimido- 
tsopropylaminomethoxyquinoline remains insoluble. It is then 
filtered, washed with alcohol and dried. As it is difficult to hydro- 
lyse it, its hydra:tine condensation product is prepared, which can be 
easily hydrolysed (c/. Ing and Muske, J. Cham, Soc,, 1920, p. 2348). 

The hydrobromide (3 g.) is treated with alcohol (3 c.c.) and 
hydrazine hydrate (0‘lc.c.) next added. The whole is refluxed for IJ 
hours and alcohol is distilled off while a white spongy mass remains. 
This latter is then hydrolysed by warming for about 16 minutes 
on a water-bath with excess of dilute hydrochloric acid. The 
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mixture is filtered, the filtrate is made alkaline and the precipitated 
base is extracted with chloroform. The chloroform solution is then 
treated with HCl gas, when the dihydrochloride obtained. This is 
purified from alcohol in yellow crystalline form melting at ’218-20®. 
It readily dissolves in water to a clear yellow solution. (Found: N, 
18‘7(); Cl, 23*30. C13H19ON3CI2 requires N, 13‘81 ; Cl, 23*35 
per cent.). 


2 • M c i hyl G-in c i hoxy-H >f3-a ni inoisop ropyla mino q uinoli n r. D ihyd ro * 

chloride. 


cn.,Oy^\y\ 


\y\ycB 

I N-HCl 


NH 


\ 




CH2NH2HCI 


It is obtained similarly from 2-methyl'6-methoxy-8-aminoquino- 
lifie which is prepared by ai)}>lying Doebner and Miller's reaction 
to 4-methoxy-2-nitroaniIine and subsequent reduction. It is a 
yellow crystalline compound which melts at 260®. (Found: N, 
13*30; CL 22*20. (’, JTg requires N. 13*34; Cl, 22*33 

per cent.). 

2-Meth7jhC}-othoxy-8’l3aminoisopropylaminoquinolinc dihydro 
chloride . — It is obtained from 2-methy 1-6-ethoxy -8»aminoquinoline 
which results from Doebner and Miier's reaction on the corresponding 
ni^roaniline and subsequent reduction. It melts at 270®. (Found: 
N, 12*70; Gi, 21*42. C] 5H230N3CJ2 requires N, 12*65; Cl, 21*38 
per cent.). • 

i\-ChloroS-l3-aminopropyUiminoqitinoline (fihydrochloridc . — It 

is obtaihed as before from O-chIoro-8-aminoquinoline, It is a 
yellow crystalline compound melting at 212®. (Found : N, 13,*50; 
Cl, 84*41. Cj2Hi(.N3Cl3 requires N, 13*61; Cl, 34*52 ffer cent.). 

2-Methyl-6-chloro-&-f3-aniino\sopropylaminoquinoline dihydrochlor- 
ido . — It is obtained as above from 2-methyL6 chloro-8-aminoquinoline. 
It melts at 255». (Found :N, 13 ?; Cl. 331. CisHigNaCla requires 
N, Cl, 33’02 per cent.). 

2-MeAhyl-8-^-amiii^oisopropylaminoquinoline tUhydrochlorui e . — It 
prepared similarly from 2-methyl-8‘aminoquinoline. It melts at 
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275-80“. (Found ; N, 14-50; Cl, 24 • 42. C , 3 H, ^NaCla requirea X, 
14-58; Cl, 24-65 per cent.). 


Second Series. 


AUyUhhearhiimidoS-aminoquinfdine Hydrochloride. 


00 


NHCI 


NH'CS NH CH^ CH^CHg 


AminoquinoliQe (1 g.) is mixed with allyl/*!?ecyanate (1 g.) in 
methyl alcohol (5 c.c.). The mixture is warmed on water-bath for 
sometime and then poured into water. The precipitate is dis8olv(‘d 
in hydrochloric acid, shaken with ether and the aqueous solution is 
made alkaline. The precipitate obtained is taken up with chloroform 
and the hydrochloride precipitated therefrom by passing HCl gas. It 
crystallises from alcohol and melts at 150°. It forms a yellow 
crystalline chromate with K^jCr^jOj which does not melt below 300°. 
(Found: N, 15-20 ; Cl, 12*01. CiyHi^NsSCl requires N, 15 02; Cl, 
12*70 per cent.). 


AUyU8-aminoqtiinoline Hydrochloride, 

'N/\ 


./\/ 

NHCl 


NHCIJ2CH = CH2 


8 -AminoqumoIine (1 g.) aud ailylbromidc (1 g.) are mixed with 
NagCOs (2 g:j diaaolved in 10 c.c. of water. The whole is refluxed 
for three hours. The mixture is shaken with ether and the 
hydrochloride is precipitated from the ethereal solution by passing 
HCl gas. It crystallises from alcohol, m.p. 176°. It gives 
with potassium diebromate solution a chromate which does not melt 
below 300“. (Found: N, 12-8; Cl, 11-50. CjaPigNjCl requires N, 
12-7; Cl, 11-56 per cent.). 
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AllylthiocarbamidoS-amino-6-efhoxyquinoline 


Hydrochloride, 



The starting materials in the preparation of this compound are 
^ ethoxy-8-aminoquinoiine and ally I thiocyanate. The former *s 
obtained by reducing O ethoxy 8-nitroquinoIine with SnClg and cone. 
HCI, the nitroquiaolino derivative itself being obtained by applying 
Skraup*8 reaction to 4-ethoxy-2-nitrotiailiQe (/oc. ci/,)f 

O-Ethoxy-8-aminoquinoUne (2 g.) and an equivalent amount of 
allylisotbiocyanate in lOc.c. of methyl alcohol are warnfied together on 
water bath for about an hour. The mixture is poured into water and 
purified as in the case of allylthiocarbainido-8 ammoquinolino. The 
hydrochloride is produced by passing dry HCI gas through its ethereal 
solution. It melts at 100® and forms a yellow dichromate which 
does not melt below 300®. (Found: N, 13-10; Cl, 11-10; C|5Hig 
ON3SCI requires N, 12 08; Cl, 10-07 percent.). 


AUyl-&-amino~C)-ethoiryquinoJine H yd rock loride . 

CgHsO/N/N 



I NPICl 


I 

NH CH2 Cri=CH2 


Ifc is prepared by reduxing a mixture of O-othoxy-8-anfinoqumoliao 
(I g ). allylbromide (I'l g.) aod NagCO;, (2 g.) dissolved in 8 — 10 
c.c, of water. The reduxing is continued for 2 to 3 hours. It is tfien 
pooled and treated with ether. The hydrochloride is prepared as in 
the cflse of allyl-B-ammoquinoline ; m.p. 182°. It forms a crystalline 
diebromate, which ^oqp not melt below 300°. (Pound: N, 10-58; Cl, 
13-^2. 0|4 Hi 70N201 requires N, 10-50; Cl. 13-42 per cent.). 

6 
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^l-{8-quin6lyl)~fi-AminO‘a-methylthia»oline Hydroehl^riih' 



\y\/ 

NH ^-HCJ 

/\ 

N S 

EnC- CHr.E, 


It is prepared by warming aJlyltbiocMrbuinido-B-aminoquinoline 
with excess of concentrated hydrobromic acid on water-liath for 
about an hour. The mixture is cooled and diluted with water and 
then made alkaline with caustic soda solution. The precipitate is 
next extracted with ether. The ethereal scdution is dried over 
anhydrous K^COs, and the hydrochloride prepared as usual. It 
melts at 215-20“ (decomp.). It is a Jighi yellow substance and 
dissolves with difficulty in water to a light yellow solution. (Found : 
N, 16-00; Cl, 12-62. CiaHuNsSCl requires N. 15-02; Cl ]2-7(tper 
cent.). 


Tbe Bbabmacbari Rbsearc.b Institute, 
82-8, CoBNWAriis Strwt, 
Caixtitta. 


lUcnctd Noremher I'J, iy31. 



Studies in Oxidation>Reduction Potential. 

Part I. Cystine. 

By J. C. Ghosh, S. N. Raychauohcjri akd S. C. Ganouli. 

The discovery of glutathione by Hopkins {Biochem. J., 1921, 
16, 286) in all living tissues and the probability of this substance 
acting as a carrier of oxygen has naturally directed t^e attention 
of investigators to the properties and behaviour of sulphhydril bodies. 
Glutathione contains cysteine as one of its constituent parts and 
obviously the study of oxidabion-reduotioii potential of cysteine 
has great significance in the study of tissue oxidation. Now, if 
the oxidation-re Juotioa of cysteine according to the following 
scheme : — 

2 R S H^^==^R S S K“ + 2 


were truly reversible, and a thermudynauiic equilibrium existed at 
the noble electro<lcs, the value of electrode potential would be 
be given by 




KT _ , [cys teine] 

p p v^icysti^J' 


... ( 1 ) 


Dixon and Quastel (J. Chrtn, Soc,, 1923, 123| 2948) and later on 
Michaelis and his co-workers (Michaelis and^Flexner, J. Biol, Chcm.y 
1928, 79, 089 ; Barron, Flexner and Michaelis,* 19*^, 81, 743) 
have carefully studied the reduction potential developed by solu- 
tions of cysteim^ at gold and mercury electrodes and found Hie 
following equation to hold good. ^ 

E = Eo - [cysteine]. 


» • • 


( 2 ) 
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Strangely enough they found that the addition of cystine has 
no influence on this electrode potential, and Barron, Flexner and 
Michaelis (Zoc. state It is improper to speak of a cystine — 

cysteine system at a mercury electrode This system is not 

related to the problem of cysteine oxidation in metabolism/’ 

This is a very unsatisfactory position, and further investigation 
appeared very desirable. The previous investigators brought a 
buffered solution of cysteine and cystine hydrochloride in contact 
with a noble metal under anaerobic conditions and the potential 
developed referred to the normal hydrogen electrode was found to be 
given by equation (2) where has the value — O’OOl volt. 

Now, if the potential is due to the oxidation of cysteine, ii» 
ought to be of the same order of magnitude as is necessary for the 
reduction of cystine. This point could be tested by determining 
the overvoltage at the cathode necessary for the reduction. Table I 
gives the .potential we have found to be necessary for the reduction 
of cystine. 

The experimental arrangement consisted of two glass beakers 
containing the same solution of cystine hydrochloride connected by 
means of a siphon. One beaker contained ring-shaped anodes of 
platinum gauze and the other a large piece of platinum, silver, copper 
foil or mercury as cathode. A stirrer rapidly stirred the liquid at the 
cathode and the overvoltage was determined by means of a Wolff 
potentiometer against a decinormal calomel electrode. 

The cystine and cysteine in the cathode liquid was estimated 
colorimetrically according to Folia aacl Marenzi (J, Biol, Chem.t 
1929, 83 , 103) with slight modification. 4 C.c. of the cathode 
liquid was pipetted out and transferred to a 100 c.c. volumetric 
flask and 2 c.c. of a standard solution of cystine (containing 1 
nLg. per c.c. in N-sulphuric acid) to another 2 c.c. of a freshly 
prepared 20 p.c. solution of sodium sulphite was added to the 
standard cystine solution for its reduction and allowed to stand for 
a minute. 18 C.c. of 20 p.c. sodium carbonate was then added to 
each flask. 'After the addition of carbonate solution, 2 c.c. of 20 p.c. 
lithium sulphate was added to each flask and finally 8 c.c. of uric 
acid reagent was added to each flask with shaking. In the case of 
the standard, the solution was made up to a definite volume with 
a freshly prepared 3 p.c. solution of sodium sulphite, and with 
deaerated water in the other case. The strength was then deter- 
mined colorimotircally. 
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Table I. 


Ph. 

Current density. 

Electrode. 

Cailiode poteDtial 
against N -hydro- 
gen Electrode. 

Extent of re- 
duction. 

•32 

1-46 xIO-* 

Mercury 

-0*7588 

Measurable in 3 brs 

»» 

2-09 X 10-< 

*» 

-0 7096 

Complete in 3 hrs. 

» » 

8 20 X 10** 

Copper 

-0*4141 

Very stnall in 3 brs. 

* 

3-84 X 10-< 


-0*4442 

47 06% in 3 brs. 

> f 



-0*4445 

70*2% in 6i hrs. 

,, 

3'13xl0-‘ 

Silver 

-0*4407 

49*4% in 3 brs. 

1 1 

tt 

• t 

-0*4489 

86*99% in 3 brs. 

1 , 

5*20 K 10 ^ 

PlatiDum 

-0*3520 

None in 3 brs. 



•» 

>» 

None in 6 hrs. 


1-04 X 10'^ 


- 4205 

22*4% in 34 hrs. 


7-81 X 10-< 

t* 

-*40b6 

24% in 5 hrs. 

•t 

» • 

ft 

-‘418(> 

39-2% in 71 brs. 

7-0 

108 X l0-< 

Mt rcury 

- ‘9109 

Complete in 3 brs. 


It is wellknown that the direct method used above and 
bhe commutator method advocated by Newbury, give different 
jver voltage values. The former method gives invariably higher 
valuSs. There is at the present time no unanimity of opinion 
as to which method gives the correct value. The data in Table 1 
tiave therefore no quantitative significance. One important fact 
lowever should be noted; on a platinum surfacef hydrogen dischrged 
it current density 1 x 10 “^ can reduce cystine to cysteine, at 0*3, 

• /It 

)ut not at lower densities. It is clear that the cystine-cysteine 
potential cannot be far removed from that of the potential developed 
n a hydrogen gas cell. 

While the investigation was ^n progress two papers (Williams 
iud Drtssen (J. Biol, Chem., 1930, 87i 441) and the other by Fischer, 
J. Biol. Chem., 1930, 89, 753) were published in which the problem 
las been treated .differently. Cysteine was oxidised bo cystine by 
^x^ising agents (l 2 » KIO 3 K^Cr^Oj etc.) and attempts were made 
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to locate the r^dox potential by eleotromeirio titration. The aoraaul 
potential varied from + ’4115 to + ‘648 volt depending on the oxidin- 
ing agents. A poaitiye potential at the cathode of the observed 
magnitude should certainly be incapable of reducing cystine to cys- 
teine. Williams and Drissen consider that in the electrometric 
titrations, one minute was sufficient for the attainment of equilibrium. 
This assumption is perhaps not correct, and what they actually 
recorded, may, for example in the case of iodine as oxidising agent, 
be the * redox * potential of the system I 2 ^==^ 2 I', the actual value 
of the potential depending on the concentrations of the F ion and the 
small concentrations of that may exist in the solution at the end 
of one minute. 

A 

From the qualitative knowledge of the negative potential 
necessary for the reduction of cystine to cysteine, a method for 
tiinding out* accurately the redox potential was worked out as 
follows : 

Under perfectly anaerobic conditions, cystine was partly converted 
to cysteine by cathodic redaction at a mercury electrode. The 
electrolysing current was then switched off, and the negative poten- 
tial determined from time to time while a current of nitrogen was 
continually flowing. Under these conditions, we would expect to 
observe a limiting vaule of the potential corresponding to th(^ 
cystine-cysteine redox system. This expectation was realised when 
the pa value was 7 and more. For lower pu values erratic results 
were obtained. It is remarkable that the limiting values of the 
E.M.F. observed for pa values 7 or more are capable of being 
expressed by equation (1) where is found to have the value 

0-0793. 

Also for Si* 113 pa- the variation in the E.M.F with changes 
in the cystine-cysteine ratio foil ws the relation — 

[cysteine], ^ [cystine ]« 

£?, -E 2 = fl2’//'’ )og ^ [oystoineJa' ••• 

Fi — ^2 is'^not given by the following relation 
[^^ -•E .2 = tiTlF \og [cysteinej I /[cysteine ] 2 ... (4) 

as dcinan iel l>y the equation of Dixon and Quasfcel, 

la Bolutiooi of a sub^Vinc 5 lit* cysteine. th.c slightest trace of 
oxygen has a groat effect on the potential. The most importart 
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• feature of the expericnental technique was thereforer to remove the 
oxygen as c:):nplet 0 iy as possible from the cystine-cysCeine mixture. 
This involverl the supply of carefully purifiefl* nitrogen and an 
efficiently sealai apparatus. Nitrogen prepared from ammonium 
chloride and sodium nitrite was stored up in a jar and further 
purified by allowiog it to flow up a tower packed with copper turn- 
ings which were kept moist throughout with a mixture of equal, 
volumes of saturated ainmonium carbonate solution and liquor 
ammonia (d 0' 93). The issuing gas was then passed successively 

through three towers containing 

alkaline pyrogallate solution, dilute 
sulphuric acid solution and concen- 
trated sulphuric acid respectively. 
A piece of white phospl^prus did not 
glow in the issuing gas showing that 
the oxygen pressure was less than 
0*0007 mm. This gas was finally 
allowed to enter the cell. All con- 
nections from the gas reservoir to 
the cell were made of glass tubing. 
The ceil was made out of a glass 
bottle of suitable size and had a 
capacity of about 150 c.c. This was fitted with a rubber stopper 
in which six holes were bored at equal distances from one another. 
The following glass tubes were inserled in the bores for the purpose 
mentioned below: — 

{iy A is the nitrogen inlet with a ground-glass joint. The lower 
end*of thc^ tube nearly touches Mu surface of mercury inside the 
cell. 

(n) F is the nitrogen outlet. Its outer end^ dips in water io 
serve as fl trap. 

(Hi) B is a glass tube afc the lower end ,of which is fused, a 
platinum wire in order to make an electrical connection with the 
mercury within the cell. Enough mercury should bo taken within 
the cell to immerse the wire complexly. 

(lu) C is a stop-cock large enough to allow the passage of n 
2 0 . 0 . pipette. This was used for the introduction of the solution 
within the cell as wsall^s for withdraw! of solution from the cell for 
analysis. 


Fjo. 1. 
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stop^iiofca H afid I loif q|8lhi^ • 
liquid oaaeetiSn with the aaode ohaubsr. The fitop-eoolc I it 
the mam b)Jy oE th /stpheu aui is oE cons derable diatneitir to thai 
it offers only a small resistanoe. When the electrolysing current it, 
stritched off, the stop‘Cook is also closed in order to prevent any 
back rush oE th) liquid from the anode chamber to the cathode 
chamber where obviously the pressure will fall due tp the bubbling 
of nitrogen at a slower rate. 

(vi) D is an airangement for making connection with the deci- 
normal calomel electrode. It is filled up with saturated potassium 
chloride. ^ 

G is the anode chamber. The anode used is a* platinum gauze 
ring. A wire resistance was inserted between the poles of a battery 
of cells and^ the required voltage for electrolysis was applied by 
tapping off the current from the resistance. The cell fitted as stated 
above was made airtight with marine glue, soft sealing wax and a 
final coating of paraffin wax. It was then completely immersed 
in a bath of liquid paraffin in order to exclude the last traces of air 
from entering. The nitrogen reservior was connected at the ground 
glass part of A and a decinormal calomel electrode was connected 
at D. A regular stream of nitrogen helped to stir the liquid. 

The bydrogen-ion coacentratha was kept practically coostaat 
by moans of buffer solutions; tbo cystine’Cyateinc ratio was varied 
by continual reduction at the cathode under perfectly anaerobic 
conditions for different lengths of time. 

Cystine, dissolved in the least quantity of hydrochloric acid was 
added to the buffer solution to bring it to the desired concentration. 

Due to the addition of hydrochloric acid in the cystine solution, \the 

the pH value of the buffer solution was diminished by about ’O units 
eyery time. The pn value of cystine solution in each case was 
therefore determined electrometrically.* 

Cystine solution thus prepared was introduced into thtf electro- 
lytic cell and a portion of It into the anode chamber. The potentials 
were meuswred against a O' 12V— calomel electrode. While the 
reduclion was in progress, the nitrogen was bubbled more rapidly 

♦ The value of pm obtained eleotrometrically may not be abaolntely correct ia 
cyatine react aa a powerful reducing agent. As a matter of fact, however, the ' 
colorimetrie method gave valnea of pu aimilar to tboae obt|ined by the electrometrio 
method. For the verification of reaction (4) th« abaolute value of p« ia not also 
easential. " 
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Table II 


PH. 

MoL opiDC. 

Hd. cone. 

E. 

E.. 


Etr-St 


of oystine. 

of cysteine. 








• « 













Calc, 

Calc. 






Obs. 

trem (6) 

frornCq) 

8-60 (1) 

*0024 

*0020 

-•8468 

•0800 









*0667 

*0666 

0*0842 

8*60 (2) 

*0046 

•0076 

-•4016 

•0808 




8*5C a) 

•0024 

*0080 

-•8610 

*0801 









•0104 

•0111 

•0078 

8*60 iS) 

*0018 

*0040 

-•3614 

*0801 




8*40 <1) 

•0024 

•0018 

- 8381 

*0788 









•0266 

•0246 

•0186 

8 40 (2) 

•0016 

•0087 

-•3587 

•0784 




8*06 (1) 

•0018 

*0018 

-•3060 

•0906 









•0322 

•0316 

0223 

8’06 (2) 

•00087 

•0031 

-•3391 

•0792 




7-6 (1) 

•8034 

•00084 

— 2641 

*0807 









•0235 

•0220 

•0196 

7*6 (2) 

0028 

•0018 

-•2776 

•0792 




3.803 BT/J?- 

0*059 at 26* 








Diacusaion. 






It will be seen from Table II that in neutral and in alkaline solu- 
tions the electrode potentials obtained at a mercury surface by the 
partial reduction of cystine in situ is due to a reTersible transforma- 
tion according to the following scheme. 

2 cysteine cystine -f 4- 2e 


In acid solutions, however, the results are not capable of being 
expressed by any rational thermodynamic equation. 

This behaviour can be correlated with the electrochemical and 
biochemical behaviour of cysteine and glutathione. Cannan and 
Knight (Biochem, J., 1927, 21 , 1389) consider that the cation of 
cysteine hydrochloride should be regarded as an acid dissociating three 
hydrogen ions thus, : — 


NHJ 

NHS 

/ 

/ 

B— COOH^ 

E— COO- 



SH 

SH 

I 

II 


\ 


NHJ 


S' 

III 




STODIl^S IN OXIDATION ADDUCTION POTENTIAL , Si * 

• Thd respective dissociation constants are l'4xl0r*f 7*3x10 
and 4*^x 10*“^^. Between pa 3 and pa 7 cysteine exists almost en- 
tirely as a neutral internal salt molecule 

^NHS 

B — COO- (II) but as the Pa value increases* dissociation into 


III and IV increases. Below pa 7 the thiol groups (-SH) in cysteine 
(CSH) is stable but above this value the thiol group dissociates into 
+ It is in this region, when such dissociation becomes possi- 

ble, that we should expect the thiol group to be an active reducing 
agent in a reversible transformation thus 





NHi 


i2R— COO- + 2H^^ 

\ 
s- 


NHS 

=^Il— COO“ 


s 


-f 2H^ 


S 


R— COO- 

\ 

NH$ 


+ 2 c 


The work of Hopkins {Biochein, J., 1925, 19, 787) on the oxidation of 
fats and proteins by glutathione also brings out clearly the characteristic 
differences in the oxidation by thiol groups in acid and alkaline range. 
Tlius in conformity with the investigations of Meyerhof (Pfliiger's 
Archivt 1923, 199, 531), Hopkins found that in acid range the oxida- 
tion of unsaturated fatty acids by oxygen of the ^ir is oatalytically 
accelerated by substances containing the thiol (SH) group. The 
thiol group forms with oxygen a peroxide (KSH )202 which complete- 
ly transfers the oxygen to the acceptor fatty acid resulting in re- 
generation of the thiol group. In alkaline range however, * the (SH) 
group is so freely oxidisable that unless its concentration in the 
system be relatively high, it rapidly^ disappears even in the presence 
,of fatty acids’. In this region of pa we are dealing with an induced 
reaction, the induc^r^thiol compound and the acceptor fatty acid 
bejpg both oxidised in the process. This difference in behaviour 
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caa by i^ke hypothesis that in the formation of ^disaU 

phide from two thiol molecules, the first stage consists in the dissoci- 
ation of the thiol group into -B“-hH^. In the region of pa 

where this dissobiation is possible, oxidation of the tbiol into the . 
disulphide occurs. For the values of pa below this ranges a tbiol 
compound is stable in the sense that it is incapable of forming a 
disulphide. 


CBBUICAL XiABOBATOBY, 

^Taa Dacca Uniybrsitt. 


Received December 21, 1932. 



Siodias in Oxidation-Reduction Potential. Part II. 

TbioglyooUio and TMolactio Acids. 

By J. C. Ghosh, S. N. Baycbavdbubi and S. C. Ganodu. 

In the preceeding paper, the oxidation-reduction potential of 
cystine and cysteine has been investigated in a solution at mercury 
cathode after forming the reductants in situ by the cathodic reduc- 
tion of cystine in an atmosphere of pure nitrogen. The potential 
Whs shown to follow the thermodynamic equation 


B= 0793--^ 


joff [ oysteine] 
F ® ^[cystine] * 


It was considered interesting to investigate the okidation-reduc- 
tion potentials of other sulphhydril compounds, e.g. tbioglycollic 
acid and thiolactic acid by the same method. 


Expesimbntal. 

Two o.c. oi a soWtion oi V,Vv\og\yco\V\cac\d or th.\o\act\c aovA exact- 
ly neutralised with caustic soda solution was oxidised by an exactly 
equivalent quantity of hydrogen peroxide and made up to 100 c.c. 
with buffer solution. This was then introduced within the electroly- 
tic cell. The pH value of the buffer solution was always determin- 
ed electrometrically. Kahlbaum’s tbioglycollic acid was used. 

Thiolactic acid was prepared from bromopropionic acid by potassi- 
um fiydroBulphide by the method of Loven (J. pr. Chem., 1684, 29, 
867). It was finally distilled at 100° /15 mm. 

Measurements were made at a temperature of *30°. Experimen- 
tal result8.above Ph 7 can be formulated by the thermodynamic 
equation •. 


JS = -07t>8- 


ET 

F 


Pm 


RT , [reductant] 
P ® v'ioxidant] ’ 


.. ( 1 ) 


and also for the same pH< the variation of E.M.F, with variation of 
•the raf^o of concentrations could be expressed by the equation 


~‘.Pa 


RT 



[ reductant] t . VEoxidantja 
V'ioxidant] ! . [reductant] g 


(2) 
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Table 1 gives the ^potential at difiereat pn values and different 
concentrations of the oxidant and reductant. 


Table I. 


p Mot. cone. 

Mol. cone. 

E, 

E (>• 

El 

-B,. 

“ oxidant. 

reductant. 











I. Thioglycollic acid. 



Obn. 

Calc, from (2) 

9 30 (t) 0066 

-Oil 

-•4380 

•0772 

-0206 

•0161 

„ Hi) -0079 

•0071 

-•4126 

•0802 



8-66 (i) 0046 

*013 

-•3916 

•0791 

0282 

•0229 

„ («•) -0017 

*019 

-•4148 

0781 



7-00 (») 0079 

•0065 

-•2716 

•0808 

-0619 

•0617 

(w) -00087' 

*016 

-•3334 

•0806 



II . Thiol actic acid . 





9*86 (*•) -0060 

•0032 

-•4103 

•0789 

-0663 

*0647 

„ (it) 00049 

•012 

-•4756 

*0808 



7-86 (t) -0042 

•0023 

-•3116 

*0796 

•0818 

•0318 

„ (ii) 0024 

*0069 

- 8434 

*0800 




Discussion, 

It is remarkable that the value of Eq should be the same for 
thiolactic acid and thioglycollic acid as for cysteine. It is clear 
therefore that the reaction 

[-SH] + [-SHl ^ [-S-S--]+2H"-l-2e 

h^s a value of free energy which is independent of the nature of the 
free radical to which the sulphur atom of the sulphhydril group is 
attached. 

It is interesting to note' in this connection that the Baman spec* 
tra'of all mercaptans and that of H 9 B are identical* the shift being 
257d cm~ ^ . The same value of the Baman shift indicates that the 
force binding the hydrogen atom to the sulphur atom is always the 
same and independent of the way in which the other valency bonds 
of sulphur atom are saturated. 


* « 

Reosivsd Dscemhsr 2 SI 1 
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BehaYiour of Nitrophenols with p-ToInenetinlphonyl 
Chloride. Part II. *’ 

By Shrirang M. Sane, Satyendra Nath Chakravartt 
AND Birendra Nath Parmanice. 


It was shown by one of us (Sane and Joshi, J. Ghem. Boc,, 1024, 
126 , 2481) that OH group in nitrophenols, excepting 4-chloro-2 : 6- 
dinitro-m-cresol* which gives ester, is replaced by chlorine by means 
of p-toluenesulphonyl chloride in presence of diethylaniline if there 
ire two nitro grouj[)8 present in ortho and para positions respectively 
to OH, but if sodium carbonate is used instead of diethylaniline, 
toluenesulphonyl ester is formed. 

In the present paper this reaction has been extended to dinitro- 
thymol, thymol, dinitrocarvacrol and nitro-p-cresotinic acid.* The 
first two like 4-chloro-2 : fi-dinitro-m-cresols give p-toluenesulphonyl 
esters in presence of diethylaniline as well as sodium carbonate. The 
esters obtained are very stable and are not converted into diphenyl- 
amjne derivatives when heated with aniline. 

The nitro-p-cresotinic acid used in the experiment has probably 
nitro group in the ortho position to OH as during nitration of the 
cresotinic acid (kostanecki and Niementoski, Her., 1886, 18 , 254; 
Einhorn and Pfyl, Annalerit 1900, 811 , 51), 2 : 6-dinitro p-cresol 
(m. p. 82^) is formed, if the temperature is allowed to rise, the 
identity of which has been established by the preparation of the cor- 
responding p-toluenesulphonyl ester, (m.p. 133®) (c/. Ullmann and 
Nadai, Bcr., 1908, 41 , 1877). 

The p-toluenesulphonyl compound of the ester of nitro-p-creso- 
tinic acid is formed in presence of diethylaniline; it does not react 
with ammonia but unlike the corresponding comgounds with dinitrfi- 
carvacrol^snd dinitrothymol, it gives diphenylamine derivative when 
boiled with aniline. 


OOgEt 

./\ 0 - 802 ^^Me 

■fPh-NHa 

Mo\/N02 ^ 


G02Et 
NH'Ph 


Me\/NO 



SO,*H 


2 


* * Position 1 has been assigned to OH in oresols and hydroxy compounds and to 

COOH it) cresotinic acids al^er the new edition of Beilstein (Vol. 6). 
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On hydrolysis this compound 'gives easily the free eoid. 

00-H 

>/\NH'Ph 

MeN/^NOg 


Expbbimental. 

4 : Q-Diniirothymol-p-tolueneaulphonate.—'A mixture of dinitro* 
thymol (6 g.)> p-toluenesulphonyl chloride (6’6 g.) and diethylanilinn 
(15 c.c.) was heated on the water-bath for 4 hours. The cool mixture 
was then digested with dilute hydrochloric acid. The aqueous liquid 
was then decanted off and the liquid residue shaken with a little alco- 
hol when it solidified. The ester dissolves easily in benzene and 
acetic acid, but is not easily soluble in alcohol. Colourless needles 
from acetic acid, m.p. 142°, yield .12 g. (Found: N, 7'02 ; S, 7‘81. 
Ci7Hi 807N2S requires N, 7'1 ; S, 8'12 per cent.). 

Dinitrothymol (4 g.) and p-toluenesulphonyl chloride (3’6 g.) were 
suspended in 20 c.c. of boiling water and sodium carbonate (8 g.) was 
added in small quantities at a time to the boiling mixture which was 
vigorously shaken during the reaction until the smell of p-toluene- 
sulphonyl chloride disappeared. The cooled mixture was then filtered 
nnri the residue washed with sodium carbonate solution and recrystal- 
lised from alcohol, m.p. 142°. This ester is identical with the ester 
described above. 

Dinitrocarvaorol-p-tolueneaulphonate. — Dinitrooarvacrol (7 g.), p- 
toluenesulphonyl chloride (6*5 g.) and diethylaniline (15 c.c.) were 
heated together on the water-bath for 4 hours and the ester formed 
was obtained from,, it by the method already described. Colourless 
crystals from alcohol, m.p. 126°. The same ester is also obtained by 
using sodium carbonate cs the condensing agent. (Found : N, 7*2 ; 

3, 8*28. j 0 i 7 HigO 7 NgS requires N, 7*1; S, 8*12 per cent.). 

Nttro-p-creaotinio acid . — Cresotinic acid (10 g.) was dissolved in 
acetic acid (80 c.c.) and nitric acid (6 c.c. d 1*4) dissolved in 
an equal quantity of acetic acid, was added to the solution. After a 
short time the colour changed and the mixture became warm. The 
nitro compound was then precipitated by the addition of ice to the 
mixture; m.p. 178°. 
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When the nitration wad not controlled byicooling the mixture, 
carboxyl group was displaced and 2 ; 6-dinitro-p-cresol (m,p. 82^) 
was formed. The p-toluenesulphonate of the latter melted at 

. p^Toluenesulphonate of 2-hydToxy-B-nitro^5-methylbenzoic acid 
ethyl ester. — Nitro-p-cresotinic acid ethyl ester, (m.p. 104-105®, 2 g.), 
p^toluenesulphonyl chloride (2 g.) and diethylaniline (10 c.o.) were 
heated together on the water-bath and the toluenesulphonate sepa- 
rated as before. Colourless small plates from alcohol, m.p. 110®. 
yield 8 g. (Found: S, 8*27. Cx 7 Hj 707 NS requires S, 8*44 
per cent.). Sodium carbonate was also used as condensing agent 
with the same result. 

B-Methyl-^‘nitrb‘6-diphenylamine benzoic acid ethyl ester, ^ 
p-Toluenesulphonate of nitrocresotinic acid ester (6 g.) and anhydrous 
sodium acetate (4 g.) were heated together with excess oi aniline for 
some time. The excess of aniline was then removed by means of 
dilute HCl and the residue was crystallised from alcohol in yellowish 
needles, m.p. 136®. (Found; N, 9*26. 01^31604^2 requires N, 
9*83 per cent.). 

B‘MethyU5-nitro-6-diphenylam{ne benzoic acid. — The foregoing 
compound was dissolved in alcohol and hydrolysed by HCl. Brick 
red small rhombic crystals from alcohol, m.p. 174®. (Found: 
C, 61*52; H, 4*88; N, 10*4. Ci^HiaO^Ng requires C, 61*76; H, 
4*41; N, 10*8 per cent.). 


Ghbuical Labosatoxt, 
liUCKSow Univsrsitt. 


Rzcsivsd May 12, 1930. 




Behavioar of Nitrophenois with p-Tolaenesulphonyl 
Chloride. Part III. 


By Shbxbano M . Sane and Shiam Sunder Josni. 

In the previous papers on this subject (J. Chom, Soc,, 1924, i25, 
2481 ; J, Indian Chem, Soc., 1932, 9,65) it was shown that when 
p-toluenesulpbonyl chloride acta on nitrophenois in presence of 
diethyl aniline, the OH group is replaced by Cl atom provided that 
nitro groups are present in the ortho and para positions with respect 
to OH group. It was also shown that the presence of a CH3 group 
in the 7 Yieta position with respect to OH acts unfavourably on the 
replaceability of the OH group. In the present paper we have exa- 
mined the behaviour of the following phenol derivatives: 2-iodo- 
4 : 6-dinitrophenol ; 2 : 6-dinitrophenol and its halogen derivatives 

viz , , 4-bromo-2 : 6-dinitrophenol and 4dodo-2 : 0-dinitrophenol ; 
3-ohloro-2-bromo-4 : 6 dinitrophenol;3-chloro-2-iodo-4 : 6-dinitrophenol ; 
3-cbloro«-2 : 4 : 6-trinitrophenol ; 3 : 6-dimetbyl-2 ; 4-dinitrophenol ; 2- 

hydroxy-4-methyl-6-nitrobenzoio acid ; 4-hydroxy-3-nitrobenzoic acid 
and 4-hydroxy-5-bromo-3-nitrobenzoic acid. 

The results obtained are given in Table 1. The chloro compounds 
formed contain an active chlorine atom and are capable of under- 
going various reactions. These will be described in a later paper. 
Some of the p-toluenesulphonic acid esters are also more or less 
reactive, while the others are not. 

jScetyl and benzoyl derivatives of some phenols used have been 
described in the experimental part. 


Experimental. 

2-/odo-4 : ^•dinitrophenyl'p-toluenesulphpnatc, — 2-Iodo-4:6-4pi- 
trophenol (3’1 g.) and p-toluenesulphonyl chloride ( 2‘1 g.) were 
boiled together with water and to the hot mass sodium carbonate 
(1'2 g.) was added in small quantities and the liquid well shaken. 
The mixture was then allowed to cool and then filtered. The ester 
• (3 g*J dissolved easily in benzene and with difficulty in alcohol from 
which it crystallises •in colourless crystals, m.p. 149®, (Pound: 
S,^6’71. Cj gU-iOyNcjIS requires S, 6*9 per cent.). 
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i -Chloro^2-wdoA i^dinitrobenaene^ — A mixture oi 24odo-4 : flu, 
dinitropbenol (S g,), p-tolueaeBulpbonyl cbloride (4*1 g.) md Seibyl- 
sniime (12 o.c.j ws» heated on the water-batb ior tour hours* From 
the dark product the dietbylaniliae was removed by dilute hydro- 
chloric acid and the unchanged phenol by sodium carbonate solution. 
The crude product (4*6 g.) was dissolved in alcohol and the solution 
boiled with animal charcoal. From the filtered and concentrated 
solution, the cbloroiododinitrobenzene separated out in pale white 
crystals, m.p, 106®, It dissolves in all the common organic solvents. 
(Found : N, 8*61, CeH204N2Cl I requires N, 8*68 per cent.). 

2:6- DiniirophenyUp-tolueneaulphonatc, — This ester was obtained 
from 2:6.dinitrophenol (4*6 g.), p-toluenesulphonyl /shloride (5*2g)anb 
sodium carbonate (8 g.) in the manner already described. It dissolves 
easily in benzene and acetone and with difficulty in alcohol. Colour- 
less crystals from a mixture of alcohol and acetone, m.p. 185®, 
yield 6 g. (Found : 8, 9*15. H1QO7N28 requires 8, 9’47 per cent.). 

hOhloTo^2 : 6-dinitrobenzene. — This is obtained from 2:6-dinitro- 
phenol (4*6 g.), p-toluenesulphonyl chlorde (5*2 g.) and diethylaniline 
(9 c.c.) in the manner already described. It forms colourless crystals, 
m.p.86®, yield 3 g. It dissolves easily in alcohol, benzene, '^etc. 

This is identical with the chlorodinitrobenzene prepared by Ostromiss- 
lenski (J. pr. Chem., 1908, n, 78, 261). (Found: N, 18*56 ; Cl, 
17'48. 0(jHa04N2Ci requires N, 13*83 ; Cl, 17*53 per cent.). 

4-Bromo-2:6-DinitrophenyLp-toluene8ulphonate , — This was ob- 
tained from p-tolueneLnlp[honyl chloride (4*2 g.), sodium carbonate 
(2 5 g.) and 4-bromo-2: 6-dim tropbenol (5*3 g.). The last compound 
was obtained from 2 :6-dinitrophenol by adding the required account 
of bromine to its solution in alcohol (Fromm and Ebert, J., pr. 
Ghem.y 1922, ii, 108, 75). The ester, forms colourless crystals, 
melts at 136®, yield 6 g. (Pound: S, 7*84. 0i3H907N2BrS requires 
8, 7*67 per cent.). ' 

l-OhloTO-2:6-dinitToA-bTOmobenisene , — This was obtained from 4- 
bromo-2:6-dinitrophenol(8 g.), p-toluenesulphonyl chloride (6*4 g.) and 
diethylaniline (16 c.c.). It is soluble in most of the organic solvents 
and is obtained as pale white crystals from dilute acetic acid, m.p. 

98®, yield 4*8 g. (Pound: N, 10*17 ; Cl + Br, 40*74. C0H2O4N2OI Br 
requires N, 9*96 ; Cl + Br, 41*03 per cent.), 

4-Iodo-2:6-dinitrophenyUp-tolu0ne8ulphonate.^^Tlhia was prepared* 
from 4-iodo-2 : 6-dinitrophenol (3* 1 g.) (ArmUrong, loc. off.), 
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ff’tolaeneatitpbonjrl ebloride (2'1 g.) and aodiunf carbonate (VS g.). 
Colourfeaa oryatale from a mixture of acetone and • alcohol, m.p. 
188“, yield 4 g. (Found; 8, 6’&S. requires B, 6'0 

per cent.). 

l-Ohloro-4-iodo-2:6~dinitrobeneene.—ThiB was obtained from 4- 
iodo-2:6-dmltropbenol (ID'S g.), p-toluenesulpbonyl chloride (7 g.) 
and diethjlaniiine (22 o.o.). It is soluble in most organic solvents; 
colourless crystals from alcohol, m.p. 115“, yield 6 g. (Found : N, 
8*86. GeHgO^NaCll requires N, 8*53 per cent.}. 

8-ChlorO‘2‘broTno-4:6-dinHropkenoL — To a solution of 8-chloro- 
4:6-dinitrophenol (6*5 g. ) in alcohol, bromine (1'6 c.c.) was added 
^rop by drop. The reaction product was warmed and then poured 
on ice when chlorobromodinitrophenol (8*8 g.) separated out. It 
dissolves in most organic solvents and crystallises from methyl 
alcohol in colourless crystals, m.p. 118“. (Found: N, 9*16. 
C6H9O5N2CI Br requires N, 9*41 percent.). 

S-Chloro~2~bromO‘4 : Q-dinitrophenyl-p-toluenesulphonaie, obtain- 
ed from 8-ohloro-2-bromo-4:6-dinitrophenol (3 g.), p-toluene- 
sulphonyl chloride (2*1 g.) and sodium carbonate (1*2 g.), is easily 
soluble in benzene. Colourless crystals from acetone-alcohol 
mixture; m.p. 125®, yield 2 g. (Found: S, 7*01. Cj3Hfl07N8Cl BrS 
requires S, 7*08 per cent.). 

1 ;B-DichloTO‘2~bromo-4:Q-dinitrohenzeno . — This was prepared 
from 8-chloro-2-bromo-4 ; 6-dinitrophenol (6 g.), p-toluenesulphonyl 
chloride (4*2 g.) and diethylaniline (12 c.c.). Dichlorobromodinitro- 
benzene dissolves easily in most organic solvents; colourless crystals, 
m.p. 108*. yield 5 g. (Found : N, 9*18. CoHO^NjCljBr requires N, 
8'86*per cent.). 

8-Ohloro-2-iodo-4 :6-dtnftrophenoI. — The compound was prepared 
by adding iodine (7*6 g.) and mercuric oxide alternately to 8-chloro- 
4 : 6-dinitrophenol (6*4 g.) in alcohol. The alcohal was then distilled 
ofi and 'the residue repeatedly extracted with benzene. Chloroiodo- 
dinitrophenol forms yellow crystals, m.p. *108®, yield 9*5 g. It dis- 
solves in most organic solvents. (Found: N, *7*61. C^HgO^N^Cl I 
requires N, 8*13 per cent.). 

8-ChIoro-2-iodo-4 : d-dinitrophenyltoluenesulphonate .-—This -was 
obtained from 8-ohloro-2-iodo-4 : 6-dinitrophenol (8*5 g.), p-toluene- 
sulphonyl chloride (2*1^.) and sodium carbonate (1*2 g.). The ester 
'forms colourless crystsds, m.p. 150®, yield 8 g. (Found : S, 6*27. 
C^sHsOfNgCl I d requires S, 6*48 per cent.). 
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1 :8-DfcRtoro-2- -todoA :6 dinttrobenssene. — This was prepared -from 
a mixture of 3-ohIoro-2-iodo-4 :6-dinitro^henol (3'5 g.), p-toluene- 
Sulphonyl chloride '^*1 g,) and diethylaniline (7 c.c.). Dfchloroiodo- 
dinitrobenzene is soluble in most organic solvents. Pale white crys- 
tals, m.p. 108®, yield 2 g. (Found: N, 7*99. C0HO4N2CI2I requires 
N, 7*7 per cent.). 

1 : B-Dichloro-2 : 4 : B-trinitrobenzene, — This was prepared from a 
mixture of 3-chloro-2 :4 :6-trinitrophenol (8 g.) (obtained by nitrating 
w-chlorophenol ; cf, Tijmstra Ghem. Zenfr., 1902, II, 519), p-toluene- 
sulphonyl chloride (6‘8) and diethyl aniline (15 c.c.). Colourless 
crystcJs, m.p. 129®, yield 6g. (Sudborough and Picton, J. Ghent. Soc., 
1906, 89 , 591). (Found: N, 14*63. CgHOgN^Cl^ requires N, 14*89 
per cent.). 

B :6-dimethyl-2 :4-dinitrophenyUp-toluene8ulphonatc was prepared 
from 3 :6-dimethyl-2 :4-dinitrophenol (2*1 g.) (Kostanocki, Ber., 
1886, 19 , 2321), p-toluenesulphonyl chloride (2*1 g.) and diethylaniline 
(16 c.c.)., Tha ester crystallises from acetone -alcohol mixture in 
colourless crystals, m. p. 137®, yield 3*2 g. (Found : S, 8*97. 
0 i 5H’J407N28 requires 8, 8*74 per cent.). 

2-Hydroxy A-methyl-b-nitromethylbcnzoaie. — 2-Hydroxy-4-meihyl- 
6-nitrobenzoic acid (5 g.), which was prepared by nitrating 2-hydroxy- 
4-methylbenzoic acid (Borsche; Annaleuy 1904 330, 1000) was dissolv- 
ed in methyl alcohol (20 c.c.) and concentrated sulphuric acid (2 c.c.) 
added to the mixture. The mixture was boiled for three hours, the 
excess of methyl alcohol distilled off and the residue diluted with ice 
cold water. The ester crystallises form methyl alcohol in colourless 
crystals, m.p. 78®, yield 4*5 g. (Found ; N, 6*53. GoHqOs N requires 
N, 6*68 per cent.). 

p-Toluenesulphonic ester of 2-hydroxy A-mcthyUS-nitromethyl 
benzoate was obtained from the foregoing methylbenzoate (4*2 g.), 
p-toluenesulphonyl chloride (4*2 g.), and diethylaniline (9 c.c.). The 
ester forms colourless crystals, m.p. 93®, yield 6 g. (Found: S,8*91. 
C16H15O7NS requires S,"* 8*77 per cent.). 

2-PhenylamineA-methyhb-nitromethylbenzoate. — The foregoing 
ester (2 g.) and aniline (4 c.c.) were boiled together for a few 
minutes. On dissolving out the excess of aniline by hydrochloric 
acid, the phenylaminomethylnitromethylbenzoate separated out. 
This compound dissolves easily in the common organic solvents • 
and crystallises from alcohol in yellow crystals, m.p. 84®, yield 1*3 g.* 
(Found: N, 9*45. Cj5Hj404N2 requires N, 9*75 per cent.). 
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p-Tolu eneaulphonie ester of 4-hydroxy-S-ni^roinethylbeitzoate — 
4-Hydfcxy-8-mtromethylbenzoate <4 g.) (Auwers and Rohrig. Bcr., 
1897, 80 , 991; D.R.P. 97884), p-tolueneaulphonyl oHoride (4-2 g.) and 
diethyl aniline (8 c.o.) were heated together on the water^bath. The 
deter is obtained in colourlese crystals from alcohol, m.p. 86 *^, 
yield 6 g. (Pound: S, 9*17. C 15 H 13 O 7 NS requires S, 9*12 
per cent.). 

4-Phenylamino-9^nitromcthylbenzoate, — p-ToIuenesulphonio ester 
of 4 -hydroxy- 8 -nitromethylbenzoate (3*6 g.) and aniline (5 c.c.) were 
heated together for some time. On removing the excess of aniline 
by hydrochloric acid, the reaction product separated out. Shining 
3 »llow crystals from alcohol, m.p. 127®, yield 2'3 g. (Found : N, 
10*46. CJ 4 H 12 O 4 N 2 requires N, 10*30 per cent.). 

4’Hydroxy-6-broino-S-niirohcnzoic acid. — This was prepared * by 
adding bromine (2*7 c.c.) to a solution of 4*hydroxy-8-fiitrobenzoio 
acid (9 g.) (Bor., 1887, 20, 408; J. pr. Chcm., 1890, «. 42, 662), in 
acetic acid (20 c.c.). On adding water to the product of reaction the 
hydroxybromonitrobenzoic acid separated out (11 g.). It dissolves 
easily in the common organic solvents; colourless crystals from dilute 
acetjc acid, m.p. 229®. (Found: N, 6*28. C 7 H 4 O 5 N Br requires 
N, 5*34 per cent.). The methyl ester of the foregoing compound 
melts at 130®. (Pound: N, 5*09. CgHcOsNBr requires N, 6*07 
per cent.), 

P’Toluencsulphonic ester of 4-hydTOxy~^~nitTO-5-hroinomethylben- 
This was obtained from 4-hydroxy-3-nitro-6-bromomethy1ben- 
zoate ( 2*8 g.), p-toluenesulphonyl chloride ( 2*1 g.) and diethylaniline 
(5 C.C.). The eater dissolves easily in most organic solvents; colour- 
less .crystals, m.p. 127®, yield 8*6 g. (Pound: S, 7*41. 
C 13 H 12 O 7 N Br S requires 8 , 7*44 per cent.). 

4-Phenylamino-B-nttrO‘5-bromo7nethylbenzoate, — The foregoing 
ester ( 2*2 g.) and aniline (5 c.c.) were heated tog€jJher for sometime. 
On removing the excess of aniline, the phenylamine derivative sepa- 
rates out ( 1*5 g.). Deep yellow shining crystals from alcohol, m.p. 
128®. (Found: N, 8*06. Ci 4 Hii 04 N 2 Br requhres N. 7*98 per centr.). 

Acetyl derivative of 24odo-4:6~dinitrophenol was obtained in 
shining colourless crystals from alcohol, m.p. 113®. (Found, .N, 
7*68. OgH 50 oN 2 l requires N, 7*96 per cent.). 

Benzoyl derivative op 2-bromo-4:6-dinitrophenol formed colour- 
iiess crystals from dilute alcohol, m.p. 94®. (Found: N, 7*39. 
O | 3 H 70 gN 2 Br requif^s N, 7*68 per cant.). 

• 3 
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Benzoyl derivative of 4-iodo-2 :6- dinitrophenol was obtained in 
colourless crystals from alcohol^ m.p. 175^. (Found : K, 6*98. 
C| 3 H 70 eN 2 l requires N, 6'76 per cent.). 

Acetyl derivative of B\Q-dimeihyh2:4-dinitrophenol formed 
colourless crystals from alcohol, m.p. 102®, (Pound: N, 10*89. 
CioH|o 03 N 2 requires N, 11*02 per per cent.). 

Benzoyl derivative gave colourless crystals from alcphol, m.p. 
124®. (Found; N, 8 * 68 . Ci 5 H| 20 gN 2 requires N, 8*86 per cent.). 

Benzoyl derivative of 4 : 6 -dinitro-w-cre 8 ol (OH=l, CHysrS); 
gave colourless crystals from alcohol, m.p. 95®. (Found: N, 9*19. 
C 14 H 10 O 6 N 2 requires N, 9*27 per cent.). 

Acetyl derivative of 2 chloro«4 : 6 -dinitro-tn-cresol (OH— 1 , 
0 H 3 = 3 ) gave colourless crystals from alcohol, m.p. 118®. (Found: 
N, 10*46, C 9 H 70 eN 2 Cl requires N, 10*2 per cent.). 

Benzoyl derivative of 2-chloro-4 : 6 -dinitro-m-cre 8 ol (OH=l, 
CH 3 = 3 ) gave colourless crystal from alcohol, m.p. 117®. (Pound: 
N, 8*13. O 14 H 9 O 6 N 2 CI requires N, 8*32 per cent.). 

Table I. 



Phenol B. 

Product of reaction with 
p- toluenesu Iphony 1 
chloride. 

Ester., reactive 
or not. 



Ester. 

Chloro- 

compound. 


*1. 

2 :4 :6-Tribromophenol 

Formed . 

... 

Not reactive 

♦2. 

2 :4.Dibromo-6-nitrophenol 

»> 



*8. 

2 ;6.Dibromo.4.nitrophenol 

pf 

... 

If 

t4. 

2 :6-Dinitro.m-cre8ol (OH=l) 

ft 

... 

Be active 

t6. 

2. Bromo. 4 :6. dini tro- m.cresol 
(OH=l) 

*, 

Formed 

f > 

*6. 

4*Cbloro-2 :6.dlnitro.fn-cresol 

ft 

... 

Not reactive 

7. 

3 :6.Dimetbyl-2 ;4-dimtro- 
phenol 

, • 

... 

ft 

*8. 

2-Biomo.4 ;6.dinitropbenol 

ft 

• Formed 

Beactive 

9. 

2.Iodo-4 ;6*diDitrophenol 

tt 

»f 

ft 


♦ c/. J. Ckem. 8 oc.^ 1924, 128, 2482. 
f cf. J. Indian Chem, 80 c . 1 1928, 8, 
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Table I — contd. 



Phenolfl. 

Product of reaction 
p - toluenesulphony 1 
chloride. 

Ester-reactive 
or not. 



Ester. 

Chloro- 

compound. 


10. 

2-6 cdinitropheDol 

Formed. 

Formed 

Reactive 

11. 

4-Bromo-2 :6'dinitrophenol 

ft 

tt 

t • 

12. 

4.1odo.2 :6-dinitropheQol 

* t 

It 


13. 

3-Cbloro>4 ;6«diDitrophenol 

if 

» • 

• 1 

1^ 

3‘Chloro.2-bronio 4 :6,dinitro- 
phenol * 

#» 

♦ » 

-• 

15. 

3-Chloro-2-iodo.4 :6-dinitro. 
phenol 

»• 

1 1 

It 

16. 

d*ChlorO‘2 :4 ; G-trinitropheool 

Not formed 

* t 

... 

17. 

2-Hydroxy-4-methyI-5-mtro. 

mythylbenzoate 

Formed 

... 

Partly reactive 

18. 

4-Hydroxy-3-DitrometbylbeD. 

zoate 

,1 

... 

tt tt 

19. 

%-Hydroxy-6-bromo-3 nitro- 
raetbylbenzoate 

» » 

... 

It t» 

m. 

Dinitrothymol 

tr 


Not reactive 

J21. 

DinitrocarvBcrol 

tt 


»» 

1:22. 

2-Hydroxy-3-nitro-6-n]ethyl- 

it 

... 

Partly reactive 


ethylbenzoaie 

We are indebted to Messrs Meister Lucius and Brunning, 
Hochst a/m (Germany), who generously placed a sufficient quantity 
of 2 : 6-dinitrophenol at our disposal. 


Chemistry Laboratoy, lUceived May 12, 1930.* 

liCCKNow University. 


c/, J. Indian Chem, Soc,^ 1931, 9, 65. 




Hetero-ring Formation from Anilino DOriYatives of 
Suocinosuccinic Ester. 

By Gajanan Purushottam Pendse and Sikhibhushan Ddtt, 

LibermanD (Annalent 1914, 40 $, 272) condensed methyl succino- 
succinate with ammonia, which yielded a coloured substance, di- 
methyl-2 : 5-diamino-z^l : 4-cyciohexadiene-l : 4-dicarboxylate. He 
also condensed various aromatic primary amines with succinosuccinic 
efter and obtained corresponding products, which on oxidation with 
iodine yielded coiresponding terephthalates. The above work was 
subsequently supplemented by Migliacci and Gargiulo (Gazzetta, 
1927, 67 , 914; 1928, 88 , 110). 

The internal condensation of diarylamino condensation products 
of ethyl succinosuccinate (I) with formation of pyridine derivatives 
(II) has now been brought about by the action of alcoholic 
sodium ethoxide, and in many cases even by the action of 
concentrated aqueous sodium hydroxide solution ; the resultant 



I 

C CHjj N 


or 

N CHg C 

OH • 

(III) 

pyridine derivatives can be represented by (II) or (III) on account of 
the possibility of keto-enol type of tautomerism which is borne but 
by experimental facts, 

^ Cdmpounds of this type are invariably coloured in the solid state 
(crimson, violet or blu#) and dissolve to a yellow solution in caustic 
alkjtlis, the original compound being reprecipitated unchanged by 


rrrrn 



'68 G. P. PENDSE AND 8. DDTT 

< 

dilute acids. This r^arkable change of colour on the addition of 
alkali is probably due to the keto-enol change. These compounds 
dissolve in concerfttrated sulphuric acid yielding intensely coloured 
(blue or green) solutions from which the original compounds are re- ^ 
precipitated on dilution with water. All the compounds described in 
this paper are intensely coloured substances ranging from pink or 
crimson to blue or green in shade. They dye wool or silk from an acid 
bath containing the dyestuflE in fine suspension to beautiful shades; 
they do not however dye cotton. The absorption maxima of these 
compounds have been determined in the experimental. 

The facts that the compounds dissolve in concentrated sulphuric 
acid with deep blue or green colour and also that they do not liberate 
carbon dioxide on the addition of dilute sodium bicarbonate and do not 
yield metallic salts or esters, show clearly enough that they are 
entirely different from the diarylaminoterephthalic acids prepared by 
Libermann (Joe. cit,). 

The nomenclature of these compounds have been based on the 
consideration that they may be supposed to be derivatives of acri- 
quinolines (like acrindoles of Clemo, Perkin and Robinson, J. Chem. 
Soc.t 1924, 128, 1769) of the following skeleton: 


15 



1 1 ? 22 20 


10 

The following aromatic primary amines have been condensed with 
ethyl succinoBuccinate and the condensation products subsequeiAly 
treated with alcoholic sodium ethoxide for internal condensation and 
foimation of the corresponding hetero-ring compound : aniline, o-, 
tn-and p-toluidines, o-and p-anisidines, o-and p -phene tidines, 1:3:4- 
xylidine, a-and jS-naphthyJ,amine8, o-and p-aminophenols, o-amino- 
acetjanilide and p-aminoacetophenone. Attempts to prepare hetero- 
ring compounds from primary diamines and secondary amines were 
unsuccessful. 

t 

Expebimehtal. 

Ihe condensation of ethyl succinosuccinate with primary *aro* 
matic amines were carried out with only slight modifications of the 
original method described by Libermann (loc. cit.) to suit individual 
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/ 5 ases»^ The properties of these compounds, mafty of which have now 
been prepared for the first time, have been given in Table I. 

The above mentioned anilino derivetives of sdccinosuccinic esters 
were then subjected to internal condensation to yield the final hetero- 
ring compounds. The preparation of one of them is given below. 
The rest were prepared in similar ways with slight modification 
according to individual cases. 

6: 9-Dihydro-5 : 22-dihydroxyacriquinoline. 

2: 5-Dianilinoc2/cJohexanc-l : 4-dicarboxylate (3 g.) was refluxed 
for about three hours with a freshly prepared solution of sodium 
eithoxide (30 c.c.^of 10 p.c.) in absolute alcohol. The colour of the 
solution gradually changed from dark orange to light yellow as the 
reaction proceeded to completion and the disodium salt of the con- 
densation product was deposited in crystalline flakes at the bottom of 
the reaction vessel. The mixture was then cooled, diluted with 
water, filtered and the yellow filtrate acidified with dilute hydro- 
chloric acid when a fine violet precipipitate was thrown down. This 
was collected and crystallised from dilute alcohol. 

generally speaking all these typos of compounds are soluble in 
alcohol, acetone, acetic acid and pyridine etc., but insoluble in ben- 
zene or other. The properties of these compounds are summarised 
in Table II. 


Table I. 

Condensation Products of Succinosuccinic Ester with Primary 
Aromatic Amines, 

( — C2/cIoHexano-l-4 : -dicarboxylate=C). 


Name. 

Diethyl-2 :5-dianiliDO-C. 

Dietheyl-2 :6-di-o-toluidino-C. 
*Diethyl-2 :5-di-m-toiaidino-C. 

Diethyl-2 :6-di-p-toluidino-C. 

Djethyl-2 :5‘di-o-aDi8idino-C. 

Diethyl-2 iS-di-p-anisidino-C. 

Diethyl-2 ;-di-o-phenatidiao-C. 

Diethyl- 2 :5-di-p-pbenatidiiio-C. 
♦Diethyl-2 :6-di-l :3 :4-xyIidiDO-C. 
Diethyl -2 :5-di-a-naphthylamino-C. 
Dietbyl-2 :5-di-iS-DaphthylamiDO-C. 
♦Diethyl-2 ;6-di-o-hydroxyaiiiinQ-0. 

f, p *# 

♦Di6thyJ-2 :5-di-p-acetylamiDoaDilino-G. 
\ M „ acetylanilino-0. 


M. p. 

Appearance. 

103* 

Orange red needles. 

ISl* 

Orange to deep rose red DeedlesT 

143** 

Yellowislf red needles. 

214** 

Deep orange rod needles. 

159** 

Scarlet red prisms. 

191* 

Grange needles. 

201** 

Scarlet red needles. 

197** 

Deep red crystals.® 

155** 

Orange red needless. 

230** 

», »i »» 

228** 

Bose needles. 

122** 

Deep red needles. 

113** 

Reddish brown crystals. 

179** 

*9 99 

119* 

•» »• »» 


• • 

* New compounds prepared by the authors. 
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Constitution of yS-Naphthapy^bnes. 

Bv Bimak Bihari Dry, Bubuqvnday Hart Bamachakdra Bau arjo 
Yrgnaraata Sankaranarayanan. 


There has been considerable uncertainty regarding the structures 
of the coumarins derived from /?-naphthol. Kauffmann (Ber,, 1883, 
16* 683), who obtained a naphthapyrone (m.p. 118^) by heating 
>^-naphthoi-aidehyde with sodium acetate and acetic anhydride, 
formulated it as 1 :2-/3j3-naphtbapyroBe having the constitution (I). 



It will be readily seen, however, that since the aldehyde group 
in /8-naphthol-aldehyde may be attached to either position 1 or posi- 
tion % in the naphthalene ring, the pyrone derived from it may have 
the following alternative structure of 1 : 2-j9a-naphthapyrone (II). 


CH 

HC^i^CO 

ay° 


( 11 ) 


Kauffmann himself regarded bis aldehyde (m.p. 81**) as /3-naph- 
thol-jS-aldehyde, and hence assigned formula (J!) to his pyrone. 
Gattermann (Ber,, 1899, 32, 285). on the other hand, in view of the 
great mobility of the a-hydrogen atom in )3^aphthol, formulated the 
same aldehyde as jS-naphthoba-aldehyde. In* the iattej case, the 
pyrone derived from it would obviously have formula (II). 

Peohmann and Welsh {Ber,, 1884, 17, 1651) claimed to have pre- 
pared, by the usual method of condensation of /3-naphthol and malic 
aoid in. presence of hot concentrated sulphuric acid, a jS-naphtha- 
p'^rone crystallising in yellow needles (m.p. 141**), different from 
that described by *KAiffmann, but no definite structure seems to 

• 3 
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have been assigned the compound by these authors. Sincft then,^ 
it has been customary in literature to refer to KaufEmann's compound 
as /3-naphthacouma^m andtoPechmann’s compound as iso -^-naphtha* 
coumarin, without defining clearly the precise nature of their 
difference. 

The aldehyde prepared from jS-naphthol in the usual manner is 
now generally considered to be the 2-hydroxy-l-naphthaldehyde, but 
direct proof of such a constitution has been lacking. Recently, 
however, Boehm and Profit {Arch. Pharm., 1931, 269, 25, 37) 
claim to have synthesised the isomeric 2*hydroxy-3-naphthaldehyde 
(m.p. 99-100®) by the reduction of the acid chloride of 2-naphthol- 
3-carboxylic acid with palladised barium sulphate,^ thereby setting at 
rest all doubts regarding the constitution of the other aldehyde. 
Boehm and Profit have also succeeded in preparing from the new 
aldehyde, by the application of Perkin's reaction, another isomeric 
j8-naphthacoumarin (m.p. 164®) which is difierent from both Kauff- 
mann's and Pechmann's compounds, and which must obviously be 
the 1 : 2-/8j8-naphthapyrone of structure (I). The formulte of the two 
/3-naphthaooumarins prepared by Kaufimann (structure II) and by 
Boehm and Profit (structure I) respectively, having thus been 
definitely established, there remains no other suitable alternative 
formulate be ascribed to the compound (m.p. 141®) described by 
Pechmann and WelBh(loc. cif .). Moreover, the melting point recorded 
for the latter compound is fouud to be the same as that of a-naphtha- 
coumarin (1 :2-aj8-naphthapyrone), and it seemed, there ref ore, to 
be very necessary to clear up all doubts or confusion existing in the 
matter by a careful repetition of Pechmann and Welsh's work. The 
condensation of /3-naphthol and malic acid has now been carried out 
several times with all necessary precautions; the results, which are 
the same in all cases, are found to be very different from those re- 
corded by previom workers. An orange yellow substance with a 
beautiful green metallic refiex and of a highly colloidal character, not 
melting even at 820®, w&s invariably obtained, while the aqueous 
sulphuric acid solution yielded, on repeated extraction with ether, a 
small amount of colourless crystals (m.p. 118®) which was identified 
as* Kauffmann's jS-naphthacoumarin, both by analysis and by the 
method of mixed melting points. No trace of the compound (m.p. 
141®) mentioned by Pechmann and Welsh (loc. cif. )was ever obtained. 
The orange solid, which is soluble to some extent in water, appears 
to have an acidic character as it dissolves in col^ alkalis and even in 
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alkali carbonates to form perfectly colourless i^lutions. Indeed, the 
change from deep orange to colourless is so ^harp and marked that 
the substance ought to serve as an excellent»mdicator for alkalis. 
Acids reprecipitate the orange solid in a finely divided, almost colloid 
dal condition. This interesting body has so far been obtained in only 
very poor yields, and a fuller account of its composition and proper- 
ties has to be deferred till a suflBcient quantity has been accumulated. 

The problem of the constitution of the methyl-jS-naphthacoumarin 
obtained from /3-naphthol and ethyl acetoacetate (Bacovescu, Ber,, 
1910, 43 , 1280) has also not been satisfactorily solved. Two alterna- 
tive structures, corresponding to (I) or (II), are also possible in this 
ffase, according as^the carbon atom in the naphthalene nucleus taking 
part in this condensation is in 1 or 3 positions, thus; — 


O 



CH 

H3C C j^CO 






\/ 

(IV) 


Attempts were made (Dey, J. Chem. Soc.t 1915, 107 , 1616) to 
arrive at a choice between these two constitutions by oxidising the 
4-methyl-/3-naphthapyrone to the corresponding 2:3-(or 1 : l)-naphthoJ- 
carboxylic acid, but they have hitherto been unsuccessful. The 
structure (IV) has however been advocated for this coumarin. 
although no direct proof of this constitution is available, mainly on 
the following grounds : 

(а) The condensations of phenols with malic acid, and wiWi 

ethyl acetoacetate, in presence of sulphuric Aacid, have always 
been found to proceed on the same lines, the unsubstituted couma- 
rins and the corresponding 4-methyl substituted coumarins being 
respectively obtained by the two reactions. * ^ • 

(б) Since it is now definitely proved that the product of condensa- 
tion of /3-naphthol and malic acid is identical with the coumarin 
obtained by Kauffmann horn 2-hydroxy-l-naphthaldehyde, and has, 
there(pre, structure (II), it may reasonably be inferred that the 
fiaethylnaphthacoumarin prepared from j3-naphthol and ethyl aceto- 
acetate has also a slmflar, t.e., ^a-structure (IV). 
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(c) An additional ^od important reason for giving preierenoe to 
structure (IVy lay in the observation (Dey, loo. ost, 1616) that the 
ethyl ester of the * napbthaooumarin-4<aoetic acid prepared from 
/8-naphthol and ethylacetone dicarboxylate, behave differently from the 
other coumarin*4*acetic acid ethyl esters and also from the isomeric 
d-naphthacoumarin'4-acetio acid ethyl ester prepared from a*naphthol 
and ethylaoetone dioarboxylate, the latter being known to have struc- 
tures akin to (111). On warming the ester with concentrated sulphuric 
acid, it lost the elements of a molecule of alcohol and formed a com- 
pound of the formula C| 5 Hg 03 . Since this reaction is exceptional, 
the other coumarin-4- acetic acids remaining unchanged under these 
conditions, it has been interpreted as evidence in favour of sructuie 
(IV) for j8-naphthacoumarin-4-aceticacid, and therefore for 4-methyl-/3- 
naphthacoumarin, the latter being obtained quantitatively from the 
former by heating above its melting point. The compound, OisHgOs 
designated 6-hydroxy-2-keto-peri-peri-naphthindenofuran, is supposed 
to be formed in the following manner: — 



If this interpretation be accepted it would undoubtedly constitute 
an important evidence in favour of structures (IV) and (V) for methyl- 
jS-naphthacoumarin and j3-napthacoumarin-4-acetic acid respectively. 
It must nevertheless be recognised that the arguments which have so 
far been adduced seem to furnish only indirect proofs, and fresh and 
more direct evidence in support of the proposed constitutions would 
be most welcome. This has now been obtained in connection with the 
study of coumarin-8-acetivd acids which has been recently started in 
this laboratory. /3-Naphthol is found to condense with ethylformyl 
succinate in presence of sulphuric acid in the normal manner 
giving rise to a coumarin-S-acetic acid, m.p. 264^, (methyl ester, 
m.p. 149®) (Dey and Sankaranarayanan, J. Indian Chem, Soc., 
1931, 8, 827). The same acid has now been synthesised fronoo 2-hy- 
droxy-l-naphthaldebyde by heating with sodium succinate and succi- 
nio anhydride, thereby fully revealing its constitution as l:2-/3a- 
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[ Experimental. 

Condensation off^^ naphthol and malic acid, — A mixture of jS-naph- 
thol (14*4 g.) and malic acid (12*5 g.) was heated on wire gauze with 
concentrated sulphuric acid (30 c. c.). In the initial stages of heal- 
ing, the liquid mixture, for some unexplained reason, completely 
solidified. It liquefied again on continuing the heating, and after a 
short time, began to evolve carbon monoxide. As soon as the mix- 
ture commenced frothing vigorously, the burner was removed and 
the reaction allowed to complete of itself. The cold dark red melt 
was mixed with cracked icc (500 g.) and allowed to stand for 4 hours. 
The main bulk of the deeply coloured solution was decanted from the 
very fine solid which had settled to the bottom, and the latter sepa- 
rated from the small amount of mother-liquor by centrifuging, the 
fineness of" the particles making filtration almost impossible. The 
solid was washed by stirring with small volume of water, again cen- 
trifuged, dried .and powdered. A bright orange yellow crystalline 
powder with a splendid metallic sheen was thus obtained, weighing 
approximately 0*6 g. It showed no signs of melting even when 
heated to 320®. The substance hardly dissolved in alcohol, ben- 
zene, etc., and could not therefore be crystallised from these sol- 
vents. When triturated with excess of water it went into an opales- 
cent, colloidal solution, having a deep orange colour, which became 
instantly clear and colourless on adding a few drops of dilute alkali or 
alkali carbonate solutions. 

The filtrate from the above was extracted four times with ether, 
the green fiuorescent ether extract evaporated to dryness, and the 
brownish solid residue rubbed for a few minutes with 2 p. c. caustic 
soda, and filtered. It was finally crystallised twice 'from 
50 p. c. alcohol in pale yellow needles (m.p. 118°); yield, nearly 1 g. 
There was no depression of its melting point when mixed 
with a specimen of the /1-naphthacoumarin (m.p. 118°) pre- 
pared by Kauffman’s method. The identity of the substance with 
Kiiuflfmann's coumarir? was further confirmed by converting it into 
the Iron 8-0 -coumaric acid by heating with sodium sulphite and alkali 
according to the method of Dey and Bow (J. Chcm, Soc., 1924, 125i 
554). Both of them yielded the same acid, m.p. 165° (decomp.). 

Action of sodium succinate and succinic anhydride on 2-naphthol~ 
l-aldehyde : Formatiori of l:2’Pa-naphthapy rone acetic acid^ and 
B :B-di-l :2-^a-naphthapyrone, — )8-Naphthol-aldchyde (7g.) and sodium 
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succinil^e dried at 140** for 8 hours (7 g.) are int^ately mixed with 
freshly made succioic anhydride (14 g.) and hes4^d under air reflux 
on an oil-bath at 180° for 5 hours. On cooling, tfle hard mass was 
broken up and left in contact with a solution of sodium carbonate 
(ITg. in 60 c.o.) for 12 hours. The reddish solution was filtered from 
the insoluble residue, the filtrate carefully acidified with HCl, and the 
brown coloured precipitate collected, washed and dried. It melted 
at 260-65°, and weighed 3*8 g. It was insoluble in water and dis- 
solved very sparingly in alcohol but more readily in hot glacial acetic 
acid. A single crystallisation from the latter solvent raised the 
melting point to 264°, not depressed by admixture with the product 
obtained from /3-naphthol and ethylformyl succinate (Dey and San- 
karanarayanan, loc. cit.). (Found: M. W., (by titration with 2V/10 
alkali), 251. C15HJ0O4 requires M.W., 264). 

The methyl ester, prepared in the usual manner, melted at 149°, 
and was identified with the methyl ester of the corresponding acid 
obtained from ethylformyl succinate. 

The insoluble residue which had a dark yellow colour was left in 
contact with ^^-alkali (60 c.c.) for 2 hours, filtered, and the residue 
thoroughly washed with cold water. The clear filtrate, on acidifica- 
tion, deposited a small quantity of an impure tar which could not be 
investigated further. The yellow residue still melted indefinitely 
(270-90°); it was purified by boiling for 5 minutes with N/2-alkali 
(60 C.C.), and quickly filtering the hot solution. Two such washings 
raised the melting point of the crude product to 880°, yield 1*9 g. 
(approx.). It was practically insoluble in alcohol, benzene, acetic 
acid ^nd the other common organic solvents ; it dissolved 
sparingly in boiling pyridine and more readily in hot nitrobenzene, 
and was finally crystallised from the latter solvent and washed with 
hot alcohol. Beautiful golden yellow needles, m.p. 346°, yield 
1*4 g. (Found: C, 79*27 ; H, 3*79. requires C, 80*0 

H, 3*59 per cent.). 


Peesidbncy Collboe, 
Madbai. 


Received December 24 , 1931 . 




On a New. Method of Preparation of Hexammine-tri-ol- 
dicobalti-chloride and the Preparation of some 
Nuclear Polymers. 

By Tuhtnanosu Das-Gupta and Pulin Bihari Sarkar. 


Both from our work on the thiosulphato-aquo^tetrammine-cobaltic 
salts (J, Indian Chem. Soc., 1930, 7, 835), and that of Bay on the thio- 
Bulphato-pentammine-cobaltic series (J. Indian Chem. 8oc., 1927, 4, 
64^ it is apparent tljat radicle takes up one co-ordination posi- 

tion only in the cobal tarn mine complexeB. 

Attempt was made to introduce S 2 O 3 radicle within the com- 
plexes of the triammine series. Our starting material was according- 


1 


ly the dichrooobaltic salt, I Co(NH 3)3 I Cl 

LH^O J 


by the action of concentrated hydrochloric acid on 


which was obtained 
(N02)3- 


Co J 


by 


(NH3)3- 

the method of Jorgensen (Z. anorg. Chem., 1898, l7, 475). 

Beaction with sodium thiosulphate gave rise to the decomposition 
of the complex even at low temperatures with the formation of a 
very small amount of a red salt which was proved to be tetrahydrated 
hexammine-tri-ol-dicobalti-thiosulphate. The triammine cobaltic 
salts are generally very unstable, on the other hand, the condensa- 
tion product of the triammines, which have very little been studied, 
are much more stable. Werner obtained a series of brownish red 

/OH\ 

Baits of the formulee (NHyla Co Co(JIH 3)3 1 X 3 by* 

\ohX 

^ 

• (A) 

* • - 

careful addition of dilute caustic soda on the dichrocobaltie chloride* 
The yield as pointed out by him is too small for practical utility 
and the maximum yield obtained by him is 0*i5 g. from 5 g. of tHe 
dichrosalt ; of. E. Birk (Z. dfnorg, Chem,, 1928, 178, 405) who has also 
by a modification of Werner’s method using caustic potash and 
excess of ammonium chloride instead of caustic soda been able to 
increase the yield from 5*6 to 1*8 g. 

‘ 4 
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As regards the oiechanism of the formation of the condensation 
product Werner assymed the following. 

rCh‘' r (H*0)s _ 

r Co (NH3)3 I Cl-> 1 Co ^ - —■ 

L HoO J L (] 


(NH3)3 


Co 


(0H)3 


(OH) 


(HsO), 


Co + Co 

I- {NHalaJ L rnTTluJ 


(nh;). 


Cl, 


>- {NH3)3-' 

[A]Cl3 + 3HaO 


+ 3HC1 


If the above mechanism is to be assumed it naturally follows that 
the hydrolysis and the subsequent removal of the free acid is tae 
prominent factor in bringing about this coupling. Werner, therefore, 
added the calculated amount of caustic soda very carefully from a 
burette, the temperature being kept low. 

It suggested to us that if we can use a suitable reagent which will 
favour the hydrolysis and keep the solution at proper pa, better yield 
of this condensation product would be expected. We, accordingly, 
used instead of caustic soda, hexametbylenetetrammine and have 
been able thereby to increase the yield from 0’5 g. of Wern^^r to 
2'5 g. We have thus found a new method of preparation of the 
hexammine-tri-obdicobalti salts . 

From the hexammine-tri-ol-dicobalti salts, which is much more 
stable than its parent dichro-cobalt salt, by double decomposition 
with sodium thiosulphate, the hexammine-tri-ol-dicobaltio thiosulphate 
of the formula (I) is obtained. 

[A]2 (SsOsls^ 4HaO 


(I) 

By the action of sodium thiosulphate, which is also hydrolysing 
agent, on dichrocobalt chloride, a very small amount of red salt was 
obtained which was found to be identical with the above compound. 

By double decomnosition of dodecammine-hexol-tetraoobaltic 
nitrate with sodium thiosulphate a black salt of the formula (II) is 
obtained 

[co-|^^^Co(NH3)4j-g ] ( 8203 ) 3 . 4 HgO 

(i^ 

wmoh is a co-ordination isomer of the red salt (1). 
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Experimental. 

Preparation of the hexammine-tri-ol-dioohalti^qhloride. — Wemer 
(Ber., 1906, 89 , 2674 ; Werner and Griin, ibid,, 1907, < 0 , 4834) first 
prepared the above compound by careful addition of calculated 
amount of NaOH on dichrocobalt chloride. The yield obtained by him 
was only 12*5 p. o. of the theoretical, whereas by the following 
procedure we obtained 62*6 p. c. of the theoretical yield. 

5 G. of the dichloro-aquo-triammine cobalfcic chloride (known as 
the dichro-cobalt-chloride) were moistened with 5 c.c. of water in a 
small beaker and the mixture was heated over a tiny flame till complete 
mixing was effected. To the above solution, 1*5 g. of ‘urotropine’ was 
added and the temperature was raised to 45° by keeping the mixture 
for a few minutes on a hot water-bath. It was then removed from the 
* water-bath and quickly filtered under suction. The red thick liquid 
thus obtained was placed in a freezing mixture of ice and salt. Brow- 
nish-red needle shaped crystals were obtained. The yield of the crude 
product was 2*9 g. This was purified by dissolving in 10 c.c. of 
water by careful heating on the water-bath. The solution was filtered 
and absolute alcohol was added drop by drop until turbidity 
appeared. It was again dissolved to a clear liquid on warming. The 
filtered solution began to crystallise on cooling, yield 2*5 g. (Found: 
Co, 29*72 ; NH3, 26*57 ; Cl, 27*04. [A] CI3, H^O requires Co, 29*83; 
NH3, 25*79 ; Cl, 26*90 percent.). 

Preparation of hexammine-tri-ol-dicobaltic thiosulphate , — 4G. of the 
hexammine-tri-ol-dicobaltic chloride were dissolved in 20 c.c. of water 
and to the clear filtered solution, powdered sodium thiosulphate (4 g.) 
was a^ded and the whole vigorously stirred. A dull red product was 
obtained. It was drained, first washed with cold water, then with 
dilute alcohol and finally with absolute alcohol. The yield is 2*5 g. 
The product is insoluble in water. (Found: Co, 24*69; S, 20*38 > 
NH3, 21*3. Formula (I) requires Co, 24*84 ; S, S!b*21 ; NH3, 21*47 
per cent.). 

Preparaiion of dodecammine-hcxol‘tctracob<\lti4hio8ulphate — ^Dia- 
quo-tetrammine-cobaltic nitrate obtained from the carbonnto-tetram- 
mine salt is acidic in aqueous solution. When it was neutralis- 
ed with NaOH or KOH and kej^t in air, shining black crystals of 
dodecammine-hexol-tetracobaltic nitrate are obtained. Dodecam- 
mine-hexol-tetracobalti-nitrate has been prepared by adding pyridine 
to a hot dilute acelic #acid solution of diaquo-tetrammine-cobaltic 
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nitrate acoordi^g to tiie method of Wemer (Ber., 190Zi W. 2108)^ 
(Found; Co, 25*93 ; ,^£[ 3 , 22*16. Dodecammine-hexol-ietracobalti- 
nitrate requires Coid5‘82 ; NH 3 , 22*32 per cent.). 

4*5 G. of dodecammine-hexol-tetracobalti-nitrate were dissolved in 
25 c.o. water and 2*5 g. of powdered sodium thiosulphate were added 
to the solution and stirred. A black crystalline substance was 
obtained. It was drained, washed first with cold water in which it was 
almost insoluble and finally with absolute alcohol. The yield was 3 g. 
(Found: Co, 24*61 ; S, 20*30 ; NH3, 21*33. Formula (II) requires 
Co, 24*84 ; S, 20*21 ; NH3. 21*47 percent.). 

It is interesting to observe that the black crystalline dodecam- 
mine-hexol-tetracobalti -thiosulphate and the red crystalline hexam' 
mine-tri-ol-dicobaltic thiosulphate are two co-ordination polymers. 

IHOROANIC BBSBABCB LABORATORY, 
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Some New Hydrocnpreid.'ne Derivatiwes. Part II. 

Br SoDHAHor Ghosh ai»d Nihar Eanjan Chattbrjbe. 

In continuation of our previous paper (J. Indian Chem. Soc., 
1981, 8 . 257) in which some tsoalkyl derivatives of bydrocupreidiue 
were described, the present paper deals with the preparation and pro* 
perties of the corresponding and other n-a)kyl derivatives of the same 
base. The therapeutic values of these derivatives are being studied. 
tsoB utyl hydrocupreidine, which previously failed to crystallise, has 
now been included in the paper. 

Experimental. 

The n- alkyl bydrocupreidines and their hydrochlorides described 
below were prepared, except where otherwise mentioned, in the same 
way ^8 the isoalkyl bydrocupreidines (loc. cit.). 

n-Propylhydrocupreidine. — It is soluble in alcohol, ether and 
benzene. It crystallised from acetone in thin long, colourless needles, 
m.p. 182°. [o] ” = + 206‘2i6° (c=l in chloroform). It gives a bluish 

flourescence with dilute sulphuric acid. Yield. 1*9 g. from 6 g. of 
hydrocupreidine. (Found: N, 8'04. C 22 H 30 O 2 N 2 requires N, 7*90 
per cent). 

n-Propylhydrocupreidine hydrochloride crystallised from water as 
long, * colourless needles, m.p. 222° (decomp.). It is readily solul le 
in water and alcohol. [a]^* = + 227*6° (c=l in water). (Found: 

01, 16'2H. C 22 H 30 O 2 N 2 , 2HC1 requires Cl, 16'60|)er cent.). 

n-Butylkydrocupreidine crystallised from moist acetone in colour- 
less needles, m.p. 176°. It is soluble in absolute alcohol, ether, ' 

• a 

chloroform and benzene. It gives a bluish flouresc nee with dilute 
sulphuric acid. [o]^‘s= + 194*6*. (c=l in chloroform). Yield, 2 g. 

from 6*26 g. of hydrocupreidine. (Found: N, 7*41. C 23 H 32 O 2 N 2 
requirejs N, 7*60 per cent.). 

* n-Bvtylhydrocupreidine hydrochloride crystallised from water in 
colourless needles. It Ts soluble in water and alcohol and melts with 
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decomposition et 226 ^ to a dark brown liquid, [a] ** =+ 216 “ (c=l in 

l> 

water). (Found: CJ^16'04. C83H3908N2,2HC1 requires Cl, 16’08 per 

cent.). 

n-AmylhydrocupTeidine crystallised from acetone in long colourless 
needles, m.p. 164". It is soluble in absolute alcohol, ether, chloro* 
form and benzene. It gives a bluish flourescence with dilute sulph- 
uric acid. [aj^* = +189‘26“ (c=l in chlorofom). (Found: N, 7'24. 

Ca^Hg^OgNg requires N, 7'88 per cent.). Yield, 8'16 g, from 6'26g. 
of hydrocupreidine. 

n-Amylhydrocupreidine hydrochloride crystallised from water in 
silky needles, m.p. 228°. It is soluble in water and alcohol, 
[a]* =:+212*5“ (c=l in water). (Found: Cl, 16-33. C 24 H 34 O 2 N 2 , 

HCl require's Cl, 16*68 per cent.). 

n-Heptyl hydrocupreidine crystallised from acetone in long, colour- 
less* silky needles, m.p, 168®. It is soluble in alcohol, chloroform 
ether and benzene. It gives a bluish fluorescence with dilute sul- 
phuric acid, [ci]^ ==+179*76® (c = l in chloroform). (Found: N, 6*87. 

C 2 eH 3802 Ni 2 requires N, 6*82 per cent,). Yield, 2*5 g.from 6*26 g. 
of hydrocupreidine. 

n-Heptylhydrocupreidine hydrochloride crystallised from water in 
colourless needles, m.p. 215®. It is readily soluble in absolute alcohol 
but less soluble in cold water, [a]^® = +196® (c = l in iV/60 HCl). 

(Found: Cl, 14*78. CgeHagOgNa, 2HC1 requires Cl, 14‘68 per cent.). 

n-Octylhydrocupreidine, — ^As the hydrochloride of this base was 
very sparingly soluble in water, the method of isolation from the 
reaction product was slightly different. After the reaction, the mix- 
tiire was cooled and poured into water when the base soon separated 
out on stirring as' a brown powder The mother-liquor was kept 
strongly alkaline by the addition of caustic soda so as to dissolve the 
unchanged hydrocupreidine and left overnight. It was then filtered, 
washed and dried. It- crystallised from acetone in thin needles. It 
was also found that the molecular copper which .was used as catalyst 
deposited on the walls of the reaction flask as a mirror. It seems 
that the copper went into combination during the reaction and was 
afterwards liberated as such. The base melts at 151® to a brown 
liquid. It is soluble in absolute alcohol, chloroform, ether and ben- 
zene. It gives a bluish fluorescence with dilute sulphuric acid. 
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=+170'76" {o=l in chloroform). '(Found: N, 6*06, 

C27H40O2N2 requires N, 6*60 per cent.). Yi^d, 8'M g. fromOg. 
of hydrooupreidine. 

• n-Octylhydrocupreidine hydrochloride crystallised from hot water 
in colourless, silky needles, m.p. 210°. It is soluble in hot water and 
alcohol and sparingly so in cold water and acetone, [o]^' = +182'5° 

(q= 1 in N/10 HCl). (Found: Cl, IS'dl. CgrJS^oOgNg, 2HC1 requires 
Cl, 14*26 per cent.). 

ieoButyl hydrooupreidine crystallised well from acetone in colour- 
jpss needles, melting at 176°. It is soluble in alcohol, ether and ben- 
zene. [o]J^* = +lfl6*7° (c=2 in chloroform). It gives a bluish 

fluorescence with dilute sulphuric acid. (Found : N, 7*38. 
requires N, 7*60 per cent.). • 

In conclusion, we desire to express our grateful thanks to Lt. Col. 
H. W. Acton, C.I.E., at whose suggestion we took up the work, for 
affording all the facilities for carrying it out. 


Tdbpabtment of Chemistry, 
ScHOOIi OF Tkopicai. Medicink 
AND Hygiene, Calcutta. 


Received January 20 , 1932 . 




A Note on the Calculation of the Space Displacements 
ot Terminal Carbon Atoms in Ring Formation. 

By K. B. Gunjikar and T. S. Wheeler. 

Short (Ohem, News, 1926, 133, 149) points out that in certain 
cameB a good measure of the tendency to ring formation of a unipJanar 
poly methylene chain is given by what he calls the approach 
value’*. This conception was first introduced by Ingold (J. Chem, 

. 8oc., 1921, 119, 307), whose definition is, however, rather vague. 
He merely refers to his values as showing '' by how much ** the 
terminal carbon atoms of a normal poly methylene chain must 
approach one another in forming the corresponding uniplanar cyclo^ 
paraffin ring. An examination of his results indicates that, taldng 
as the unit, the distance between two adjacent carbon atoms in 
the unstrained chain, the approach value ” is half the difference 
in the distance between the terminal carbons before and after dis- 
placement. 

Approach values have been calculated for special cases by Ingold 
and Short, but the general formula relating them to the valency 
angle (i.e., the angle between each pair of carbon-to-carbon valencies 
in the unstrained chain), and to the number of carbon atoms in 
the chain, has not yet been given. The derivation of the formula 
is shown in what follows. 

The general formula for approach values ^ — Consider an 
unstrained chain with n methylene groups, and ^in without dis- 
placement the terminal carbon atoms 1 and n. Let a be the dis- 
tance between the adjacent carbon atoms* in the chain, and let 
20^ be the valency angle. • 

If (1, n) is the distance between the terminal carbon atoms 
before ring formation, then half the difference in the distances 
between the terminal carbcfl atoms before and after displacement is 

(1, n)— a 

• * 3 ’ 
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and since the approach value is this quantity when a is (^^aken to 
be the unit of distvice, we have, approach value 

_ (1, n)—a 

2a 

The angle between (1, n) and (1, 2) is given by 

[-( »-i)(ieo)-i e g-ag(»-2) j° , (9 o-«h»-2)-. 

This can be seen by joining any point O in (1, w) to all the carbon 
atoms, and considering the angles of the (n — 1) triangles so formrd. 
The sum of these angles amounts to (n--l)(180)®. From this must 
be deducted the angle of 180* at O, and also {n^2) angles each 
equal to in order to obtain the sum of the two equal angles 

between (1, n) and, respectively, (1, 2) and (n — 1, n). 

The angle between (1, n) and (2, 3) is 

[(90-^?)(n~2)-(180-2^)]‘^ = (90-6>)(n^4)^ 

Proceeding in this way we obtain, 

(1, n)=a[oos (90 — ^)(n — 2)® -f-cos (90-’5)(n — 4)° + ... + cos (n — 2) 

{n-l)(9O-0)<’] = ^ . 

' ^ cos 


From which we have, approach value 


_ (l,n) — g _ sin (n — 1)(9Q — ...v 
2g 2 cos 0^ 

This general formula yields the values given by Ingold and Short 
for the particular ♦cases they considered. 

Thus for 25=116*3®, the valency angle assumed by Ingold, 
and n=4, we have, applroach value 


sin (4-l)(9Q-67*6)® 
2 cos 67‘6® 


sin 97*2® 

2 cos 67*6® 


•992 

1*07 


-•6 


•427 


which agrees with the value given by Ingold. 



SPACE DISPIiACBMBNTS OF TERMINAL CARBON ATOMS 
JSinoe Jhe general formula for the angle of strain *is 

0 -90(n-2) 1^ 

n J ' 

it is clear from a comparison of (1) and (2), that there is no simple 
relation between a and the approach value. Accordingly the com- 
parison made by Ingold (Zoc. cit.) between the heats of formation 
of a series of ct/cioparaffin rings, the Baeyer values for a, and the 
approach values calculated from the Ingold value for 0, is meaning- 
less and cannot lend support to any theory. Short (loc.cit,) has 
A fact shown by palculation that the approach values calculated 
from the Baeyer value of 0 are in as good functional agreement 
with the thermal values as those calculated from Ingold 's value 
of 0. • 

The discussion has here been confined to uniplanar rings. 
Buzicka and his collaborators have shown (Helv, Chim. Ada, 1926, 
9, 230, 249, and subsequent papers) that polymethylene rings con- 
taining a large number of carbon atoms can be formed, strain 
being relieved by the rings ceasing to be uniplanar. We hope to 
investigate the general conditions under which the approach value 
for a multiplanar ring can become zero. This involves complete 
removal of strain. 
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Introdocdon of Arsenic into Conmarin Nnclens. 

Part II. 

Bv M, Goswami and H. N. Das-Gdpta. 

It has already been pointed out in our previous communication 
Indian Ohem. 8oc., 1931, 8, 417) that the groups-O— CO- 
and — CH=CH— • present in coumarin nucleus together with arsenic 
might prove to have some effect in the treatment of tuberculosis. 
The present paper deals with certain new substituted coumarins 
and naphthacoumarins containing the same therapeutically active 
components in the nucleus. The following compounds are described 
in the present paper; 7-methylcoumarin-5-arsinic acid *(I), 4:7- 
dimethylcoumarin-6-arsinic acid (II), 1 :2-a-naphthapyrone-6-arsinic 
acid (III) and 4.methyl-l ;2-a-naphthapyrone-6-arsinic acid (IV). 


O 


CH„/\/\CO 
O 

'^As 
^As 

(OH) 2 


O 


,.00 


\X\^CM 

OH 


(0H)2 



These have be|n prepared from their amino derivatives by Bart’s 
reMtion and unlike the arsenic derivative of coumarin (too. eft.), 
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they all gave monoderivativos. Attempts to introduce orseni^ 
into S-amjnor4-metkyl’7-hydroxyooumarln and 8- amino -4 -methyl- 
7-methoxycoumarinAore not successful. 

It appears that no attempt has yet been made to nitrate 1:2- 
d-naphthapyrone. The compound was nitrated by a mixture of 
fuming nitric acid and acetic acids. The position at which the nitro 
group entered the nucleus was supposed to be "'6" from an analogy 
of the other nitro derivatives of coumarin. 

The arsenic compounds described are generally light yellow in 
colour and dissolve very easily in caustic alkalis and alkali carbo- 
nates from which hydrochloric acid precipitates the original 
compounds. * ' 


Experimental. 

7-Methi/lcoumann-Cuarsinic acid, — 7-Methyl-6-aminocoumarin (4 g.) 
was dissolved in a mixture of hot water (30 c.c.) and hydro- 
choloric acid (0 c.c.) and the mixture was heated to boiling and then 
suddenly cooled to 0®, the object being to obtain the sparingly 
soluble hydrochloride in a fine state of division. The amino 
compound was then diazotised in the usual manner using a solution 
of sodium nitrite (2 g.) in water (10 c.c.) and the diazo solution 
gradually added to well cooled alkaline solution of sodium arsenite 
prepared from sodium carbonate (8 g.) arsenious acid (3 g.) water 
(100 c.c.) and copper sulphate (16 g.) as catalyst, and the whole 
mass was kept well stirred during the operation. The stirring 
was continued for one hour more after the addition of the diazo - 
solution. The separated tarry and insoluble matters were filtered 
off. The filtrate concentrated to a low bulk, boiled with 
animal charcoal an^ filtered hot. It was then cooled to the room 
temperature and concentrated hydrochloric acid was gradually added 
till the precipitated compound dissolved in excess of the strong acid 
in which it is soluble. At this stage the solution was again filtered 
from the tarry and insoluble matters, the filtrate rendered alkaline 
and, the arsenic compound was precipitated with careful addition 
of dilute hydrochloric acid as yellowish white stuff. The repetition 
of the above process gave the compound in a sufficiently pure 
condition, m.p. 290® (decomp.), (Found: As, 260, C10H9O5AS 
requires As, 26'4 per cent.). 
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4 ‘Dimethyl-6-aT8inic acid,— 4 : 7-Dimethyl-6-ammocoumariii 

(2’2 g.) was dissolved in a mixture of hydrc^hloric acid (2'5 g.) 
and water (20 c.c.) and diazotised in the same manner as stated 
above with a solution of sodium nitrite (’9 g.) in water (10 c.c.), 
i’his was gradually added to a well stirred sodium arsenite solution 
made of sodium carbonate (4 g.), arsenious oxide (I '6 g.), copper 
sulphate (‘07 g.) and water (60 c.c.). The resulting product was 
filtered, concentrated, boiled with animal charcoal and again 
filtered. The filtrate was cooled and then gradually acidified with 
hydrochloric acid when cream coloured precipitate of arsenic 
derivative was obtained. The precipitate was separated by filtra- 
tion, purified as in the previous case, washed with hot water and 
then dried in a vacuum desiccator; m.p. 285® (decomp.). (Found: 
As, 24'8. Cj iHj jO^As requires As, 25*3 per cent.). ^ 

6- Nitro-1 :2-a-naphthapyrone. — 1 :2-a-Naphthapyrone (43 g.) was 
dissolved in hot glacial acetic acid (100 c.c.). To this hot solution, 
nitric acid (15 c.c. d 1*52) was gradually added. The whole was 
then heated on the water-bath with constant stirring and the 
heating continued till the crystals of the nitro compound appeared. 
At*this stage the product was poured upon pounded ice when dark 
yellow nitro derivative separated. This was filtered, washed free 
from acid and crystalled from acetone in yellow microcrystalline 
powder, m.p. 180®, yield theoretical. (Found: N, 5*75. C13H7O4N 
requires N, 5*8 per cent,). 

C)-Amino-l :2-a’naphthapyronc , — 6-Nitronaphthacoumarin (24 g.) 
was gradually added to a warm clear solution of stannous chloride 
(70 g^) in a mixture of hydrochloric acid (60 c.c.) and alcohol (50 c.c.), 
The» reduction was over when every thing went into solution. 
More hydrochloric acid (120 cj.c.) was now added and the solution 
allowed to cool when the hydrochloride of the bas^ separated out. It 
was filtered, washed thoroughly with concentrated hydrochloric 
acid, dissolved in hot water and treaty with a hot solution of 
sodium acetate when the base was liberated as golden yellow 
crystals, ip.p. 194®, yield 60 per cent. 

a-Naphthapyrone-G^ar^nic acid, — This was prepared from 6-am1no- 
1 : 2-a-naphthapyrone as above. It was obtained as yellow micro- 
crystalline powder from alcohol not melting even up to 360®. 
!rhe yield was very Jo w. (Found: As, 22*9, C13H9O5AS requires 
As 23*4 per cent). 
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4-MeiAyM:2-a-napAt^p^rone-6*ar«mto acid.— It was pr‘)pared 
from 6-amm6-4-me%M:2-a.naphth8pyr(»ie and purified in a 
similar way and oryltallis^ from acetic acid as a yellowish white 
microcrystalline powder. The acid shrinks at 840° but does not 
melt even at 860°. (Found; As 22*3. C]4H 1,05 As requires As 
22*4 per cent.). 

DmitTliBIlT or ApFUBD CBSHISTRy, 

UNiVEBBiTt CoLueoB OP SciBNCE Received Fehrmry 8 , 1988. 

AND TsCHNOLOOt. CaLCOITA. 



A ttew lllethod of Estimating Arsenic in 
Organo-arsenic Derivatives. Part I. 

By Hirendra Nath Das-Qdpta. 

The application of organic derivatives of arsenic as drugs, has 
bright into prominence the problem of estimating the metalloid, 
when directly combined with carbon. A survey of the references 
given in the foot-note, will clearly explain the fact that each author 
by adopting a new method or some modifications of the plder ones 
aimed at getting an inorganic derivative of arsenic either by dry or 
moist combustion of the organic compound, the arsenic being subse 
, quently estimated either gravimetrically or volumetrically. 

A method of estimating arsenic in organic tissues, devised by 
Norton and Koch (loc. cit.) has been successfully utilised in the esti- 
mati<m of the metalloid in its organic derivatives by Ewins (J. Chem* 
Soc.t 1916, 109, 1356). The method has its universal application 
but suffers from the main drawback that the end point is never 
sharp and that the experiment is attended with vigorous frothing 
at the outset which can be controlled only with difficulty. 

In course of some experiments on the problem of introducing 
pentavalent arsenic into therapeutically active organic compounds, the 
authorjs attention was drawn to the fact that with the exception of 
a ver> few, majority of the organo-arsenic acids are soluble in hydro- 
chloric acid. Anticipating that the arsenic, which is in its highest 
state of oxidation in such compounds, should liberate an equivalent* 
amount of iodine in presence of hydrochloric acid Irom a solution of 
potassium iodide, pure phenylarsinic acid was treated in a similar 


Lia Coste and Michaelis, Annalen^ 1880, 201, 22i; Gooch and Browning, Atner, J, 
Scu* 1890, Hit 11* liittle, Cahen and Morgan, J. Chem, Soc., 1009, 9f, 
1478; Pringaheim, Amer, Chent:^., 1904, 81, 386; Monthnle, Ann. chim^ Anal.t 
1904, 0, 306 ; Morgan, J. Chem. Soc. , 1904, 88, 1001 ; Norton and Koch, J. Amer 
Chem.lSbc., 1906, 27, 1247; Martindale, Extra Phaimacopoeia, 1916, 11, 27; 
Ktrohar and Bupart, Ber. [Deut. Phartn* Ges., 1920, 30, 419, 421 ; Nawherj, J, 
Chem. Soc. 1926, 127, ; B Stolle and O Feehtig, Ber. Deut. Pkatm 

Gaa., 1928, 83, 6 9 ; Kolthoff , Z. Annal. Chem 1928, 62, 187, 38, 

6 
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way. The analytical results obtained proved the correctness of tlie 
assumption. Thi^^ gave a clue to an easier way of estimating the 
pentavalent arsenic iniiorgano-arsenic acids as the liberated iodine 
may easily be titrated by means of sodium thiosulphate. The method 
is very rapid (from fifteen to twenty minutes for the estimation) 
and gave accurate results with the compounds enumerated below. 
A few of the typical organo-arsenic derivatives belonging to different 
groups have been examined. The advantages of the method are that 
it requires only a very small quantity (from ten to fifteen mg.) 
of the substance and requires only simplest apparatus and materials. 
Organo arsenic acids that are insoluble in hydrochloric acid are. first 
of all, brought into solution by heating with glacial acetic acid and 
then treated with hydrochloric acid and potassium iodide solution. 
A compoand of this type viz., napthylarsinic acid (Hill and Balls.. 
J. Amer. Chem. 8oc., 1922, 4i, 2051) has been tried with success. 

The following table summerises the experimental results of the 
present investigations. 


Experimental. 


Arsinic content. 


Sabstance. 

Quantity. 

Found. 

Calc. 

Etbylarsinic acid 

•0286 g 
'0170 

48*28 

48*19 

48*7 per cent* 

Pbenylarainic acid 

d o o 

37*2 

37*1 

37*09 

37'1 

Benzylareinic acid 

•0218 

•0252 

34*69 

34*78 

34*7 

« 

Neptbylarainic acid 

'0126 

•0101 

29*1 

29*08 

29*7 

Tricoumarylarsinic 

oxide 

•0225 

•0199 

14*16 

1409 

14 2 

7-Methylconinarin- 
G-arsinic acid 

•0116 

'0124 

26*1 

26*08 ' 

26*4 

4 :7-Dimetbylcoiimarin- 
G-arBinic acid 

•0110 

•0221 

26*25 

25*2 

25-3 

Napht baooumari D - 
d-araiDic add 

•0204 

•0199 

23*26 

233 

28'4 

4*M6tbyinapthacotima- 
rin-d.arsinic acid 

•0198 

•0266 

22*45 ' 

22*5 

22-4 
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Procedure — A small quantity of the substance (O'Ol td 0’02 g.) was 
weighed out accurately in a conical flask of about ^100 c. c. capacity. 
Concentrated hydrochloric acid (15 c.c. d 1%9) was run in and the 
whole heated on a water-bath for five minutes. In case an uniform 
solution is not obtained, the mixture should be heated by direct flame. 
The solution was cooled to the room temperature and glacial acetic 
acid (15 c.c.) and water (50 c.c.) were then added. In a separate 
beaker potassium iodide (4 g.) dissolved in water (10 c.c.) 
was added to the acid solution. The solution assumed a brown 
or yellow coloration due to the liberation of free iodine. The 
w^lis of the flask w^ere then washed with a little water and the libera- 
ted iodine titrated against N/20 sodium thiosulphate solution. 
Towards the end of the titration 2 c.c. of a one per cent, solution of 
starch was added and the titration continued to the end. After the 
point at which the blue coloration, due to free iodine and starch, 
faded away which however was not the exact end point, the thiosul- 
phate solution was carefully added drop by drop with constant stirring 
till the original colour of the solution of the subtance in hydrochloric 
acic^was attained. 

From the amount of thiosulphate solution required, the percent- 
age of asenic present is easily calculated. One c.c. of N/20 tbiosul* 
phate solution s0’0000375 g. of arsenic. 

Experiments with other derivatives of arsenic, in the tri-valent 
state, are in progesss 

In conclusion I wish to express my gratitude to Dr. M. 
Goswami, for his kind interest and valuable suggestions in this 
investigation. 

Applied Chehibtrz Department, 

Universitz Colleob of Science and Received February 8 , 1932. 

Teohnologt, Calcutta. 




Indigoid Dyes Derived from Phenanthraquinone. Part I. 
Thionaphthene-phenanthrene Indigos. 

By Paresh Chandra Dutta. - 

It has been shown by Priedlander, Herzog and Voss {Ber,, 1922, 
55, 1591) that phenanthraquinone condenses very easHy with 3- 
hydroxythionaphthene in acetic acid solution containing traces of 
hydrochloric acid and a violet dye is produced. Later on Luther 
{Ber., 1931, 64, 831) prepared the same substance in a pure crys* 
talline form by a slight modification of the above method. The 
present author got the substance as a chocolate brown crystalline 
masfi and he has further extended this reaction to study the effect of 
different elements or groups on the colour of the substances. The 
condensation products with bromo-and nitrophenanthraquinones are 
violet in colour whereas those with amino-and bydroxyphenanthra- 
quinones, black or brownish black. The substances dissolve in 
concentrated sulphuric acid with a green, violet green or violet 
brown colour and the original dyes are repreoipitated by treatment 
with water. The freshly precipitated compounds are found to be 
quite^ suitable for dyeing on wool from an acid bath, yielding even 
and deep shades. Bxcept the bromo compounds which are very 
feebly soluble« they dissolve in hydrosulpbite vat with a yellowish 
brown colour from which the original substances *are reprecipitated 
by oxidation with air. The > shades obtained on cotton from hydro* 
sulphite vat were not very deep, but quite e*ven and fast. Generally 
speaking, these substances are sparingly soluble in alcebol, moder- 
ately so in amyl alcohol and acetic acid and easily soluble in nitro- 
benzene, xylene and pyridine and they generally melt above 295® rfhd 
some of them sublime at higher temperatures, yielding a reddish 
Tiolet • vapour. In the monosubstituted phenanthraquinones, it has 
not been determined which* of the two ketonio groups, actually, 
takes part in the reaction. Further work in this line is in pro- 
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The structure of / these eompounds can be represented by the 
following general formula. 
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For the sake of abbreviation, the preparation of only one of these 
compounds is given in the experimental portion, the rest being 
prepared in similar manners, their properties are recorded in the 
Table. 


Experimental. 

2-Thionaphthene~ 9^{2^-nitro)-phenanthrene indigo , — Solutions of 
2-nitrophenanthraquinon6 (1*26 g.) in hot acetic acid (100 o.o.) and 
3‘hydroxythionaphthene (0'8 g.) in 2 c.o. of the same solvent were 
freed from dissolved air by passing carbon dioxide and mixed 
together, thoroughly agitated and the mixture treated with 0’^ c.c. 
of hydrochloric acid in 5 c.c. of acetic acid. On boiling the 
rnixture for ten minutes a brownish violet crystalline precipitate 
separated out. Il was filtered hot and washed with a little acetic 
acid and then with alcohol. For purification, it was boiled with 
alcohol for sometime and filtered hot, 1 he residue was dissolved 
in pyridine and reprecipitated as a violet crsytalline precipitate by 
the cautious addition of hot water. It crystallises from amyl alcohol 
in* small rectangular plates melting above 290®. It is sparingly 
soluble in alcohol, moderately in amyl alcohol and acetic acid and 
easily soluble in nitrobenzene, xylene and pyridine in the cbld. It 
dissolves in concentrated sulphuric acid with ^ g^een colour and dyes 
wool in violet shades from an acid bath and dyes cotton in light 
violet shades from hydrosulphite vat. , ^ 
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Studies in Aoenaphthenone. Part I. Pyryiium DeriratiTes. 

By Anvkvl Chandra SrncAR and M. D. Baja Gopalan. 

Decker and Fellenberg {Ber,, 1907, 40, 3815; Annalen, 1907, 356, 
281), Perkin, Bobinson and Turner (J. Chem, 8oc., 1908, 98, 1085), 
Pratt and Bobinson (J. Chem. Soc., 1922, 121, 1577 ; ibid., 1923, 123, 
743 etc.)> De (J. Indian Chem. Soc., 1927, 4, 23, 137) and others 
have shown that o-hydroxyaldehydes can condense with substances 
Ci^taining the group-CHy-CO-under certain conditions to form 
pyrylium compounds. It was therefore natural to expect that acenaph- 
thenone which also contains the group-OH 2 -CO“WOuld yield pyry* 
burn derivatives. This expectation has been amply rewarded by the 
preparation of pyrylium derivatives by the condensation of acenaph- 
thenone with salicylic and /3-resorcylic aldehydes. Conden- 
sations were effected in two different ways, viz., (1) by 
passing gaseous hydrogen chloride through a glacial acetic 
acid solution of equimolecular quantities of the respective 
alddhydes and acenaphthenone (Decker and Fellenberg, loc. cit.), 

Cl 


XO HO- 
I + 

NCHg OHC 


> HC1 
C0H4 Cl 




c=o \ 
I 


CH/ 


(2) by first preparing the o -hydroxy sty ryl ketone by condensation 
of the. aldehyde and aoenaphthenone in alkaline solution and subse- 
quently converting it into the pyrylium salt by the action of dry 
gaseous hydrogen chloride (Pratt and Bobinson, loo. cit.). 


/CO 
I -t- 


HOv 10% Alcoholic 

NCeH4 ► 

OHC"^ .potash Cl 

. O 



In the case of salicylic aldehyde, the free pyrylium chloride could 
net be isolated, as it decomposed immediately in contact with air. 
The corresponding fefri-sshlorides and the perchlorates are, however, 
quit^stable and were obtained in beautiful crystalline forms. Ip the 

7 
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case ol /S-resorcylio aldehyde, in addition to the fern -chloride ‘and the 
perchlorate the free pyrylium chloride, which is quite stable, were 
also obtained. 


Experimental. 


2 :8~Acenaphthbeneoptjrylium Chloride. 
Cl 


< 3 - 


y V 3 4 0 

< > /v 

^ CH ^ 


Acenaphthenone (0*i5 g.) and salicylic aldehyde (0*38 g.) were 
dissolved in glacial acetic acid (10 c.c.) and dry hydrochloric 
gas was passed through the solution for — 2 hours. The almost 
colourless solution gradually turned yellow and finally became orange 
yellow. The completion of the reaLction was indicated when there 
was no further precipitation on the addition of a little of the reaction 
mixture to dilute hydrochloric acid. The solution was then poured 
into a large volume of other and the yellow solid pyrylium chloride 
separated after some time. The ethereal layer was decanted off and 
the solid, after being quickly filtered and washed with ether, was 
kept in a vacuum desiccator. So long as the substance was in the 
desiccator it was solid, but on removal immediate decomposition set 
in with the liberation of hydrogen chloride gas and the solid became 
resinous. The solid is so unstable in air that it was not possible 
even to take the melting point. The solid is soluble in dilute hydro- 
chloric acid (1 :1) and glacial acetic acid. It is sparingly soluble in 
alcohol and insoluble in all other organic solvents. 

2:S’Aoenaphthbenzop7jryliuin fern-chloridc . --lb was obtained as a 
dark yellow precipitate by adding ferric chloride, dissolved in concen- 
trated hydrochloric acid into the glacial acetic acid solution of the 
pyrylium chloride described in the previous experiment. The addi- 
tion of ferric chloride was continued until the precipitation was com- 
plete. It was then filtered and washed with moderately dilute hydro- 
chloric acid, and finally with alcohol. It was obtained as yellow 
shining rectangular plates from boiling acetic acid. The crystals 
were dried over potash in a desiccator, m.p. 203®. It gives a straw 
yellow coloration with concentrated sulphuric acid from which it* is 
not precipitated back on dilution. It decomposes when dissolved in 
water. It is insoluble in all organic solvents excepting acetic .aoi4* 
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(Found f Gf 51*04; H, 239. OiyHnO, FeGl^ requires C, 50‘3d; H, 
2*43 per cent.). 

2 :3-Acenaphihbenzopyrylium perchlorate , — To the solution of 2;3- 
ficenaphthbenzopyrylium chloride in glacial acetic acid, perchloric 
acid was added drop by drop until the separation of the crystals was 
complete. The separated shining yellow plates were filtered, washed 
first with glacial acetic acid and then with ether, and finally dried in 
the desiccator over potash. It melts at 255® with decomposition, 
and decomposes in presence of water. It gives a greenish yellow 
colour with concentrated sulphuric acid. (Found: C, 63*98; H, 3’50. 
C^ 9 H| 205 d requires G, 64*13, H, 3'31 per cent.). 

2 :3-Acenaphthbrnzopifrylium chloride. Second method), 

(a) Salicylidoie acenaphthenone , — Acenaphthenone (0*5 g.) and 
salicylic aldehyde (0*38 g.) were dissolved in the least quantity of 
alcohol and alcoholic potash (about 5 c.c. of 10 p.c.) added. The 
scarlet red solution obtained did not separate any precipitate even on 
standing. The solution was then poured into ether when a scarlet-red 
slimy precipitate was obtained which stuck to the sides of the vessel. 
The gupernatant liquid was poured away and dilute hydrochloric acid 
added to the precipitate, when the colour changed to yellow. It was 
filtered, washed with water and crystallised from dilute alcohol in 
yellow needles, m.p. 186®. 

(b) Conversioii of salioylidcnc acenaphthenone to the corresponding 
pyrylium chloride and the ferri-chloride, — Salicylideno acenaphthe- 
none (0*4g.) was suspended in dry ether and dry hydrogen chloride 
gas passed through the suspension for about two hours. The solution 
gradually turned deep yellow and finally orange yellow. The pale 
yellow needles which were at the bottom gradually disappeared, and 
a dirty yellow amorphous powder separated. The completion of the 
reaction was indicated by the complete solubility ^of a sample in* 
dilute hydrochloric acid after removal of ether. After the reaction 
was over, dilute hydrochloric acid was added 4jo the mixture and ether 
distilled off. Care was taken to see that the •concentration of the 
acid was sufficient to prevent hydrolysis of the oxonium salt. (1 :1 
HCl used). The solution was filtered and to the filtrate ferric chip- 
ride in concentrated hydro^iloric acid added as in the previous prepa- 
ration. The separated ferri- chloride was found to be identical with 
tke one obtained previously. 

l-Hydroxy-2 .n-atfanmphthbenzopyrylium chloride. — Acenaphthe- 

non^ (1'5 g.) and ^S-resorcylic aldehyde {0'4 g.) were dissolved in 
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glacial acetic acid (8 c.c.) and dry hydrogen chloride gas passed 
through the solution. Beaction soon began as indicated by the 
change of the colour of the solution to deep red. On passing hydro- 
gen chloride for about three hours deep red needles filled the 
whole liquid. The mixture was poured into a large excess of ether 
when whole of the solid got precipitated. This was filtered and 
washed with ether. The precipitate was then dissolved in hot dilute 
hydrochloric acid (1 : 1) and filtered hot to free it from any unreacted 
accnaphthenone. The filtrate* on cooling* deposited beautiful scarlet 
red needes, which were filtered and dried in a vaccum desiccator 
over potash. It melts at 181°. It is insoluble in almost 8*1 
organic solvents but sparingly soluble in acetic acid. 
It dissolves in concentrated sulphuric acid giving an orange solu- 
tion with a greenish fluorescence and is not precipitated back on 
dilution. It decomposes in contact with water and also when kept in 
moist air for a long time. (Found : C, 73*99 ; H* 3*85. CigHj JO2CI 
requires, C, 74*39 ; H, 3*58 per cent.). 

The same compound was obtained by passing hydrogen chlo- 
ride gas through a suspension of /il-resorcylideneaoenaphthenone in 
dry ether. The experiment was conducted exactly in the same way 
as in the case of the corresponding salicylidene compound — only the 
hydrogen chloride gas was passed for a longer time (3 hours). The 
pyrylium chloride was purified as in the proceeding case. 

l-Hydroxy-2 :9-acenaphthhenzopyrylium fcrri-chlorido. — It was 
prepared from the preceding compound in the same way as the corres- 
ponding ferri-chloride from 2 :3-acenaphthbenzopyrylium chloride. 
The separated solid was purified by dissolving in a large excess of boil- 
ing acetic acid. On cooling, chocolate coloured needles separated. 
These were filtered, washed with ether, and dried. It decomposes 
at* 236-87°. It is insoluble in almost all other organic solvents. It 
dissolves in concentrated sulphuric acid imparting to it a brownish 
colour with greenish fluorescence. (Found: C, 48*78 ; H, 2*44. 
C19H11O2, Fe CI4 requires C, 48*64 ; H, 2*34 per cent.). 

T ‘Hydroxy-2 iB^Acenaphthbcnzopyrylium perchlorate It was 
prepared and purified in a similar way and possessed properties simi- 
lar to 2 : 8 acenaphthbenzopyrylium perchlorate {vide supra). It 
melts at 260° (decomp.) and burns with explosion. (Found: 0, 61*27; 
3*40, Cl requires C, 61*37; H, 3*23 per cent.). 

Chemical LABOBATony, 

Pbbsidexcy Collbob, CalcuI'TA. Received February 24, 1932. 



Review 


Qualitative Analyse mit Hilfe von Tiipfel Reaktlonen. (Qualitative 
AoalyBis with the help of ‘ spot or “ drop " reactions) — By Dr, 
Frity. Feigl, University of Vienna. P. XII + 387, with 12 figures in 
the text and 2 coloured plates. Published by Akademische Verla- 
g^esellschaft M.B.H. 1931, Leipzig. Stitched R.M. 26.40; bound 
R.M. 28. 

Dr. Feigl, who is undoubtedly the pioneer in developing this 
branch of analytical micro-chemistry, which consists in tipsting sub- 
stances in small drops of their solutions either on a filter paper or on 
a micro-crucible, is to be congratulated on bringing out this excellent 
^ book on the subject. The book, written by such an expert, will 
evidently commend itself to all analytical workers. The simplicity, 
rapidity and the minute quantities of substances, needed for identi- 
ficatfcn. should render this method of analysis always preferable to 
the ordinary micro mcthods for the economy of both time and 
material. 

The book is divided mainly into two parts, theoretical and practi- 
cal. The theoretical part opens with definition of the terms, sensi- 
tiveness, specificity, concentration limit and the minimum detectable 
limit (Erfassungsgrenze). A short but clear account of the theory 
of complex compounds has been added, as these latter play such an 
imporj^ant part in the development of specific reactions. Chapters 
on the analytical use of the masking of reactions and the catalytic 
enhancement of reaction capacity of compounds furnish a very, 
interesting study. Highly sensitive tests for pSosphorus, arsenic 
and silicon by increasing the activity of molybdenum blue reaction 
through complex formation have been developed^on the above basis. 
The application of iod-azid reaction, as an extremely sensitive and 
beautiful test for sulphide, polysulphide, thiocyanate and thio- 
sulphate, is another instance of the kind. The possibility of influeil- 
oing the reactivity of a substance by means of induced reactions, and 
its analytical application have also been extensively discussed. 
Attempts have been njade, with a fair degree of success, to classify 
the specific analytical activity of organic reagents as a result of the 
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presence of certain characteristic atomic groups. Thus, the' groups 



C- and Hn/ 

II N)- 


OH NOH 


are shown to possess specific reactive 


power for copper and silver respectively. The part played by capil- 
larity, due to colloidal character of the filter paper, in performing 
the spot tests has also been emphasised. 

In the practical part, after giving an account of the technique 
for carrying out the spot reactions, tests for individual metals and 
acids have been described in detail and the values for concentration 
limit and minimum detectable quantity have been given in each 
case. Methods have also been devised to detect a radicle in presence 
of others. ’ Preparations of special organic reagents have been des- 
cribed whereever needed. Different methods for the systematic 
qualitative analysis of mixtures by spot reactions have been added 
towards the end. Finally, tests for traces of certain constituents in 
alloys, ores, stones, wood, leather etc., as well as the testing of purity 
of reagents have been described. 

Both as a laboratory companion and as a reference book, it will 
prove to be of great service to all analytical chemists. 


P. R. 
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Studies on the Dependence of Optical Rotatory Power on 
Chemical Constitution. Part XIY. Stereoisomeric 
Aminomethylenecamphors, Iminomethylene- 
camphors and their Derivatives. 

By Bawa Kartar Singh and Bhutnath Bhaduri. 

For a comparative study of the effect of substitution dh rotatory 
power of the derivatives of aminomethylenecamphor and iminome- 
thylenecamphor, some of which have been already described (Singh 
and Bhaduri, J. Indian Chem. Soc., 1930, 7, 771; 1931, 8» 181; 
Singh, Bhaduri and Barat, ibid., 1931, 8, 345), it is necessary to 
kno\^the rotation constants of the parent compounds. With this 
object in view, the rotatory dispersion of stereoisomeric aminome* 
thylenecamphors and iminomethyienecamphors have been described 
in the present paper. 

The laevo and racemic isomeridea of aminomethylenecamphors 
are new substances and were prepared in the usal {vide, Ex- 

perimental). 

Benzylamlnomethylenecamphors were prepared in the usual way 
by the condensation of benzylamine with oxymethylenecamphor 
(d. I, ^l). 

Iminomethylene-d-camphor was also prepared according to the 
method of Bishop, Claisen and Sinclair {Annalen, J.894, 281, 359),* 
but the yield was very poor. It was, however, obtained in a better 
yield by the condensation of aminomethylene^d-camphor with oxyme* 
thylene-d’Camphor {vide, Experimental). The* laevo, racemic and 
the meao isomeridea were prepared in the same way. 

The Effect of Chemical Constitution and the Nature of Solvent * 
on the Botatorif Power. 

(i) On comparing the structural formulae and specific rotatory 
power of aminomethylenecamphor (I), • anilinomethylenecamphor 
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(II), and Senzylammometbyleneoampbor 
eluBiona may be drawn : — 

(III), the following oeB' 

Straotural formula. 

35 * 

[a] (in chloroform). 

I. B=CH*NH8 

+8600“ 

II. B=CHNH-C6H5 

424.6 

in. B=CH*NHCHC<,Hg 

839.9 

IV. B=CHNH'CH=B 

678.4 



The phenyl group in (II) which is not in conjugation with the 
ethenoid and carbonyl groups has very little effect in increasing the 
rotatory power of the parent compound (I); and its further removal 
from the asymmetric centre by the interposition of the methylene 
group as in (III) lowers the rotation only to a slight extent (II-> III). 

(it ) . The specific rotatory ppwer of iminomethylenecamphor 
(IV), is nearly twice that of aminomethylenecamphor (I); this great 
increase in specific rotatory power can be accounted for by depict- 
ing the double symmetric tautomeric formula (V) for this compound, 
in which the conjugation between ethenoid, azethenoid and carbonyl 
groups is complete. 


(V) 





-C-GH = NCH=C4 
14CII 1 

>COH OO' 

< C= CHNHCH=C. 

I I 't' 1 ✓^8^14 (non-quinonoid) 

CO I I OC' 

,C=CH-N = CHC. 


(VI) C8H,4<^ 


CO 


HOC 


II ^CgHj 4 


The compound does not, however, exhibit the expected fluores- 
cence. 

(Hi) It is found that the order of decreasing rotatory power is 
ethyl alcohol >-methyl alcohol > pyridine > acetone >chloroform> 
benzene, for aminomethylene-, and Iminomethylenecamphors. 
The sequence of the dielectric constants of the solvents is also the 
same, except that the position of ethyl alcohol and methyl alcohol 
is reversed* The same is the case with pyridine and acetone in the 
above mentioned sequencet For iminometh^leliecamphor, however^ 
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tLe values of specific rotatory power in pyridine and acetone (Tables 
VIII and IX) became identical for Li(;fQ 4 and beyond this towards 
the red end of the spectrum e.g.t Li^yog* that in acetone is greater 
than that for pyridinei whereas towards the violet region the 
order is reversed. For benzylaminomethylenecamphor, the order 
of decreasing rotatory power agrees exactly with the sequence of 
the dielectric constants of the solvents, viz.^ methyl alcohol >; ethyl 
aloobol>; acetone>> pyridine> ohloroform>b6nzene. 

The 'Nature of Rotatory Dispersion, 

* Optically active aminomethylenecamphors and iminomethylene- 
camphors, like their derivatives, obey the one-term simple dispersion 

formula of Drude, viz., = ^ On plotting aagainst A* 

in each case a straight line is obtained. In the tables of rotatory dis- 
persion (I — XI), a more exact test of the formula is provided by 
numerical calculations. 

The value of the hypothetical absorption band in the ultra-violet 
region of the spectrum, is lower for aminomethylenecamphor than 
that for iminomethylenecamphor, which shows that the absorp 
tion band is shifted towards the visible aide of the spectrum in the 
case of the latter compound. 

The Physical Identity of Isomers. 

The values of rotatory power of d and I forms in different solvents 
(Tablqp I — XII) are identical within limits of experimental error. 
Out of 97 observations which are now recorded, in as many as 81 
cases, the differences in the numerical value of the rotatory power 
of the opposite isomers correspond to a difference of less than 0*01®* 
in the observed angle of rotation, and in other 1^ cases, the corres* 
ponding angle lies between O'Ol® to 0*02®, which is the limit of 
experimental error allowable in such measucements. Only in the 
remaining solitary case of iminomethylenecamphor in ethyl alcohol 
for Cd 43 oo (Table X), the difference corresponds to between 0*02® 
and 0*08® in the observed angle of rotation. This is, however, of tfie 
nature of casual experimental error. This, therefore, further supports 
P^steuV's principle of molecular dissymmetry, according to which the 
two forms, dextro laevo, must possess equal and opposite 
ix>tatory power. 
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The TnAl fa'Ti g point of the racemic form of aminometuylene* 
cunphor is higher than that of the optically active isomers. This 
form is a true <2l-compound> at least, in the solid state. 

Examples of racemic forms having identical melting points with 
those of the active forms are very rare. A few examples have already 
been cited in a previous communication (Singh and Bhaduri, J. Indian 
Chem. 8oc., 1931, 8, 623). In the present paper we record one more 
similar instance, vie., iminomethylenecamphor (m. p. 216-18*’). 

Experimental. 

Aminomethylene-d camphor ( I ) was prepared in the sanre 
way as that of Bishop, Claisen and Sinclair ( loc. cit. ) 
and has the same crystalline from (shining white prisms), 
but melte- at 157°, instead of 163-64°, which agrees with that 
observed by Kupe {Helv. Chim. Acta, 1920, 3, 50). (Found : C, 
73'67; H, 9*73; N, 8*01. CuHitON requires G, 73 74; H, 9‘.50; 
N, 7‘82 per cent.). The Z- variety, m. p. 157°. (Found: N, 7'94). 
The dZ-variety, m. p. 163-64°. (Found : N, 8*00). 

Iminomethylene-d-camphor. — Aminomethylene-d-camphor (2*5 g.) 
dissolved in glacial acetic acid, was added to oxymethylene-d-cam- 
phor (2*5 g.) dissolved in methyl alcohol, and diluted with water when 
a precipitate separated at once. It was washed with dilute caustic 
soda solution and then with water and crystallised out of methyl al- 
cohol as long needles, m. p. 216-18°, yield 80 p. c. It is freely 
soluble in chloroform and pyridine; less so in acetone and ethyl al- 
cohol and difficultly soluble in methyl alcohol and benzene. (Found : 
G, 77*29; H, 9*15. 0223.3 requires C, 77*42; H, 9*09; 

N, 4*11 per cent.). The Z-variety, m.p. 216-18°. (Found : N, 4*20). 
The dZ-variety, m. p. 216-18°. (Found : N, 4*29). 

Iminomethylene-d-camphor was also prepared by the method of 
Bishop, Glaisen ahd Sinclair (Zoc. cit.) by the action of strong hydro- 
chloric acid on aminomethylene-d-camphor. The yield is, however, 
very poor, but the melting point is the same as by the above men- 
tioned method. The mixed melting point of the product ^irepared 
by the two methods was also 216-18°. Bishop, Claisen and Sin- 
clair (Zoc. cit.) give 221-22° as the melting point. 

Internally Compensated or meso-Iminomethylenecamphore. — (1) 
Aminomethylene-d-camphor (1 mol.) in glacial acetic acid was 
added to oxymethylene-Z-camphor (1 mol.) ^ai^ the precipitate so 
obtained was repeatedly crystallised out of dilute methyl alcohol 
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m 

• 

a!b white prismatic needles, m, p. 217-18*^. (Found; C, 77'26 ; H, 
917. C 22 H 31 O 2 N requires C, 77*42; H, 9*09 ; N, 4*11 percent.).; 

(2) In the same way amidomethylene-^camphor was condensed 
with oxymethylene-d-camphor and white prismatic needles melting 
at 217-18® were obtained. (Found: N, 4*23). 

On polarimetric examination both the compounds were found to 
be inactive. 

The condensed product of oxymethylenecamphor with methylamine 
(obtained in the usual way) was an oil which refused to solidify. 

Benzylaminomethylene-d-camphor ( III ). — Oxymethylene-d-cam- 
pj^or was condensed in the usual way with benzylamine 
hydrochloride in presence of a little fused sodium acetate and the 
oil obtained on dilution with water was left overnight when it solidi- 
fied. It was crystallised out of dilute methyl alcohpl (cj;iareoal) as 
fine white needles, m^ p. 89-91®. It is freely soluble in all the 
ordinary organic media. (Found: C, 80*18; H, 8*70; N, 5*41. 
C 18 H 23 ON requires G, 80*80; H, 8*55 ; N, 5*21 percent.). The 
solutions of the substance in different solvents (except in ethyl 
alcohol, Table XI) exhibited rapid mutarotation and turned scarlet 
in aeshort time ; hence their rotatory dispersion could not be studied 
for more than two lines (Table XII). The i-form, m.p. 89-91®. 
(Found: N, 5*36). The dZ-form, m.p. 84-85®. (Found: N, 5*40). 

The rotatory power determinations were made in a 2-dcm jack- 
eted tube at 35®. The value of A©, calculated from the dispersion 
formula, is given in the tables and is expressed as p or 10 ~^ cm. 


Table I. 

Aminom ethylene camphor in Chloroform. 



Dextro 




- 

Laevo 


CODC. 

;?/100 C.C. 

obs. [«] 

0 

o—c. 

Line. calo. [a ] 
c. 

o'-c. 

• 

obs. [a] 
o'. 

CODC. 
g/100 c.c. 

0*4000 

+ 536-0" 

+ 0*3" 

Cd^goo 

+ 634-7" 

-1*2" 

-533-5" 

0-4040 


436*3 

-11 

CdgoM 

487-4 

+ 0*7 

43^*1 



403-8 

-ro 

Agfiios 

404*8 

± 0 

404*8 



360-0 

+ 0-9 

Hg546i 

349*1 

-0*2 

348-9 

• 


296-3 

+ 1-2 

l^g6780 

296*1 

+ 0-6 

295*7 



278-8 

-0*5 

NagsM 

279*3 

-01 

279*2 



263*8 

+ 0-8 

hiieio4 

263*0 

+ 0*7 

263-7 



218*8 

— Qi2 

Ode438 

1219-0 

+ 01 

2191 



106-3 

-0*3 

LlMM 

196*6 

-1*0 

195*6 
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Tbe solution exhibited slight mutarotation; the initial * valued 
=5350*0® and [a 296*3 ** changing to 346*0® and 

290 0** reapectively in course of 20 hours. 

Table 11. 

Amino methylene camphor in Acetone^ 


corib. 
g/loo c.c. 

0*4000 


Table 111. 


Armnomethylene camphor in Methyl Alcohol, 


7F;*Qa 

X* -0*1919 ’ Xo=0*3192. 

Dsxtfo Ltdevo 


cone. 

obs. [a] 

o-c. 

Line. 

calc, [a] 

o'-c. 

obs. [a] 

cone. 

g/100 C.C. 

o« 



c. 


o'. 

g/100 c.c. 

0*4004 

4 47S-6* 

4i*r 

Odsoae 

±478*6“ 

-0*6“ - 

•478-0* 

0*4048 


442*1 

-0*8 

Agssoft 

442*9 

4 0*6 

443*4 



883*4 

+ 1*2 

Hg6461 

382*2 

-0'6 

881*7 



823*4 

4 0*3 

Hg«80 

323*1 

4 0*6 

323*6 



804*7 

-1*1 

N 88893 

306*8 

-0*7 

806*1 



277*3 

4 0*2 

Lioeu 

277*1 

4 0*8 

277*9 



289*8 

-0*2 

Cde438 

240*0 

-0*4 

289*6 



214*9 

-0*6 

Lisyoa 

216*6 

4 0*7 

216*2 


The 

solution 

exhibited 

mutarotation: the 

1 initial 

values 

P 

1 

=383*4‘ 

“ '“Jhw. 

= 823*4° 

changing 

to 868*4° and 


808*4®reBpectively in course of 20 hours, 




[«J 


72*04 


0*3072. 




-0*0944 

9 — 


Dextro 





Laevo 

cone. 
g/100 e.c. 

obs. [a] 
0. 

o— c. 

Line. 

. calc, [a] 
c- 


obs. [a] 
o . 

0*4036 

4 438*6“ 

4 0*1“ 

Cdsoss 

±438*6“ 

-1*0“ 

-437*6“ 


406*6 

-0*8 

Ags909 

407*3 

4 0*2 

407*6 


364*8 

4 0*8 

Hgsiei 

353*6 

4 0*3 

363*8 


soil 

4 0*6 

Hg6780 

300*6 

-0*6 

800*0 


283*7 

-1*3 

Na5883 

286*0 

4 0 

286*0 


269*0 

4 0*1 

liieiM 

268*9 

-0*1 

258*8 


224*8 

-0*8 

Gd8488 

226*1 

. -0*1 

226*0 


202*0 

-0*6 

Lit708 

202*6 

-0*1 

202*6 


The solution did not exhibit mutarotation. 
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Table IV. 

Aminomethylene camphor in Ethyl Alcohol, 


77*13 

A*-01006 ’ Ao=0'8172. 



Dextro 





Laevo 

cone, 
g/100 c.o. 

obs. [a] 
o. 

o-c. Line. 

c»Jc. [a] o'-c, 

c. 

obs. [a] cone, 

o'. g/100 c.c. 

0*3996 

+ 486-7^ 

-1-2 

Cdsm 

+ 487*9* 

+ 0-9* 

488-8^ 0*4040 


45V7 

-0*2 

Ag52O0 

451*9 

0 

1 

451*8 


390'3 

±0 

Hg6461 

8903 

-0*4 

3R9*9 


830-4 

+ 0*1 

Hg6780 

330 3 

+ 0*3 

380*6 


312*7 

-0*1 

Nas893 

312*8 

+ 0*3 

3131 


284 *2 

+ 0*7 

LisKM 

283*5 

-01 

283*4 • 


246*5 

+ 0*8 

^^6438 

245*7 

—0*6 

2451 


220*3 

-0*4 

Liezos 

220*7 

+ 0*8 

221*5 

The 

solution 

exhibited mutarotation ; the 

initial values 

Hg546l 

= 390*3° 

and 


330-4° 

changing 

to 367*9° and 


306'8° respectively in course of 20 hours. 


Table V. 

Aminomethylene cam-phor in Benzene. 


74-90 



[-] 

= ±-p- 

-0*0816 

; A 

0=0-2857. 



Dextro 





Laevo 


oono 

g/100 o!c. 

obs, [a] 
o. 

o-c. 

Line. 

calc, [a] 
o. 

o'-o. 

obs. faj 
o'. 

— — \ 

cone. 

g/100 c.c. 

0-8996 

+ 422*8* 

-0*2* 

CdsoM 

±423*0'* 

+ 1-0* -424 -O’ 

0*4080 


394*2 

-0*6 

A^85209 

394*8 

-0*1 • 

394*7 



346*6 

+ 0*7 

HgM6l 

345*9 

-0*3 

345*6 



297*7 

+ 11 

Sg6780 

296*6 

to 

296*6 



281*5 

-0*4 

Na5g93 

281*9 

±0* 

281*9 



257*8 

+ 0*4 

Li^ioi 

257*4 

-01 

257*3 



225-2 

+ 0*2 

CdeiM 

225*0 

+ 0*5 

225*5 



202*7 

—0*6 

Liersa 

208*3 

+ 0*2 

203*5 


The 

• 

solution 

exhibited mutarotation ; the 

initial 

values 


=* 346*6^ 

’ == 297-7“ 

changing 

to 336*6° and 


887-7“ respectively in coiirse of 8 hours. 
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Tablb VI. 

Atnin'omethyleneeamphor in Pyridine. 


la] 


79-94 


Ao=01120. 

-± 

-0-0893 

1 

Dextro 





haevo 

COQC. obB. [a] 

o-c. 

liioe. 

calc, [a] 

o'-c. 

oba. [a 

g/100 c.c. o. 



o. 


o'. 

3*0010 +471'7'’ 

-o-i* 

CdsoBB 

±471-8* 

+ 0 2* 

-472*0* 

438*9 

-0-2 

Agsaos 

439-1 

-0-3 

438-8 

882-4 

-0-1 

Hg5461 

382*6 

±0 

382*6 

326-16 

-0*36 

Hg6780 

326-6 

-0*3 

326*2 

^•9 

+ 0*1 

Na5893 

309*8 

-0*3 

809*6 

282-1 

±0 

liiem 

282*1 

+ 0*1 

282-2 

245-6 

-0*1 

Cd6438 

245-6 

±0 

245-6 

221-9 

+ 0-3 

Lisros 

221-6 

+ 0-25 

221*85 


couc. 

g/100 c c. 
3-0024 


The solutioti did not exhibit any mutarotation. 

Table VII. 

IminomethylenecamphoT in Chloroform, 



[-] 

— 

124-9 

. X — 

0*3375 



^ A * 

-01139 * ° 



Dextro 

A 





Laevo 

JL - 

oonc. 

obs.[a] 

o— c. 

Line. 

f — •" 

cole, [a] 

o'— c. 

obs.[al cone. 

g /100 c.c. 

o. 



c. 


o's g/'lOO c.c. 

0-4032 

+ 1072 * 0 * 

- 1 - 0 * 

Cd4soo 

+ 1073 0 * 

- 0 * 6 * 

- 1072 - 6 * ' 0-4000 


862-0 

- 0*6 

Cdsose 

862*6 

- 0*1 

862-6 


792-6 

- 1*1 


793*6 

+ 0*2 

793-8 


678-4 

+ 0*6 

Hg5461 

677*8 

- 0*3 

677*6 


r . 668*1 

+ 0*8 

Hg6780 

667*3 

+ 0*2 

667*5 


636*8 

+ 0*6 

Na 58 a 3 

635*2 

- 0*2 

585*0 


482-4 

- 0*4 

Li^ioi 

482.8 

+ 1-0 

483-8 


416-5 

±0 

Cde438 

415*6 

+ 0 8 

416*3 


872-1 

+ 0-4 . 

Lie708 

871-7 

1 

o 

871*8 


The solution did not exhibit mutarotation. 
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Tabus VHI. 

Iminomethyleneoaniphor in Pyridine . 




[a]=» ± 

122-4 

• \ ^ 

0*3593. 



Dexiro 

A8 -0*1291 ' 

Laevo 

r . 

oouc. 
g/100 c.c. 

ob8.[a] 

o. 

— ^ 
o— c. 

Line. 

calc, [a] 
c. 

oC“ 

ob8.[a} 
o', g/1 

0*4000 

+ 1206*3" 

-1*7" 

C'048oo 

±1208*0 

+ 0*4" 

-1208*4" 


946*0 

+ 0*5 

Cd5088 

944*6 

-0*2 

944*3 


861*3 

4* 0*5 

Ag5209 

860*8 

-1*0 

859*8 


722 5 

-1*3 

Hg545i 

723*8 

-0*6 

723*2 


596*3 

~{)-7 

Hg6780 

597*0 

+ 1*0 

598*0 


561*3 

+ 0 4 

Na5893 

560*9 

+ 0*4 

561*3 


603*8 

•4 1*1 

^>6104 

502*7 

-0*4 

602*3 


128*8 

-0*1 

Gd6438 

428*9 

-0*3 

428*6 


381*3 

-0*1 

1^^6708 

381*4 

+ 0*6 

382*0 


co&c. 


IMie solution did not exhibit mutarotation . 

Table IX. 

Im iyiom e i hylcyie camphor in Ac cion c . 

Ao=<)'3455. 


P. . 127*4 

± xa -.0*1194 


Dexiro 
- 


Laevo 


(M)DC. oba.[a] 

g/TOO c?c. o. 

o— c. 

Line. 

caic.ta] 

c. 

o' — c. 

obs.[a] c 
o'. 

0*4000 * +1146*3" 

-1*7" 

Cd4«oo 

+ ] 148*0" 

-1*0" 

-1147*0" 

913*8 

-0*6 


914*3 

-0*4 

913*9 

838*8 

+ 0*1 

Agssos 

838*7 

+ 0*2 

838*9 

713*7 

+ 1*3 

Hgsiei 

712*4 • 

-0*4 

712*0 

5i)2*6 

-0*8 

Hg&780 

693*3 

+ 0*4 

694*7 

660*0 

+ 1*2 

N 85893 

658*3 

-0*8 

668*0 

603*8 

+ 0*8 

Li8i04 

603*0 

-0*1 

602*6 

431*3 

-0*3 

Odeiaa 

481*6 

+ 0*7 

432*3 

386*0 

-0*2 ^ 

Ijif708 

386*2 

+ 0*3 

385*6 


g/lOO c.c. 
0-4060 


The solution did not exhibit any mutarotation. 
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Tablb X. 

Iminomethyleneoamphor in Ethyl Alcohol. 


Dexito 

w=± 

X* -0*1245 

O 

II 

0 

< 

'8528. 

Laex>o 

r 

eoDC. obs. [a] 

g/lOO c.c. o. 

o— c. 

Line.' 

calc.[aj 

c. 

o'— c. 

ob8.£a} cone. 
o^ g/ 100 c.c. 

0-3992 +1262-6’ 

+ 1*6’ 

Cd4goo 

±1251-0’ 

o 

0 

1 

-1260-0* 0*4040 

986*0 

-0*7 

Cd5os6 

986-7 

+ 0-9 

987*6 

901-8 

-0-8 

AgS309 

902-6 

+ 0-8 

903-4 

761-7 

-0-7 

1^^6461 

762-4 

+ 0*1 

62-6 

632-6 

+ 0*8 

Hg678o 

631-8 

-0-6 

631-3 

693-8 

-0-6 

Na6893 

694*4 

-0-4 

594*0 

633-6 

-0*1 

Lieio4 

633-7 

-0-2 

633*5 

467-1 

+ 0.1 

Cd843s 

456-7 

4-01 

456*8 

407-1 

+ 0-8 

Li6708 

406*8 

+ 0-6 

407-3 

The solution 

did not exhibit any mutarotation • 



Table XI. 


Benzylaminomethylene camphor in Ethyl Alcohol. 


W 

Dexito 



65*77 

f 

A„ =0*3335. 

Laevo 


^ X*-01112 





r*" — 



cone. obs. [aj 

o— c. 

Line. 

calc, [a] 

o’— c. 

Ot)S. [a] 

cone. 

g/lOO C.C. 0. 



c. 


o'. 

g/100 c.c. 

0-4020 + 362*0’ 

+ 0-3’ 

Hg646l 

±361*7’ 

-0*1’ 

-3616* 

0-4062 

294*8 

-0*2 

Hgsrso 

296-0 

-0*1 

294*9 


278-7 

+ 0*1 

Nassw 

278*6 

+ 0-3 

278*9 


261*8 

-0-8 


261-6 

+ 0*1 

261*7 


217-7 

+ 0*7 

Cdt43g 

217*0 

+ 0*2 

217-2 


193*1 

-1*0 

Li6704 

194*1 

-04 

193*7 



The solution exhibited mutarotation ; the initial 
=852’0® and [o] 294*8° changing to 840*7° 

spectiveiy in course oI 4 hours. 


values 

and 284*8° re- 
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Table XU. 

Benzylaminomethylenecamphor. 


•oWent. 

cone. 

g/lOO C.C. 

d or 1, 


Hgi7M. 

Chloroform 

0-4033 

d 

+ 339*9* 

+ 279*1 


0-4000 

1 

-3400 

-278*8 

Methyl alcohol 

0*4020 

d 

+ 366*7 

+ 807*8 

• 

0-4060 

1 

-864*6 

-807*9 

Benzene 

0-4062 

d 

+ 297*4 

+ 246*6 


0-4004 

1 

-297*2 

• -244-8 
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Condensation of Butylohloral with Gallic Acid 
and the Three Gresotic Acids. 

By (Miss) B. N. Katrak and A. N. Mbldrum. 

The study of the condensation of butylchioral, CH3*CHCl*0Cl2‘- 
(JHO with hydroxy- and methoxy benzoic acids was undertaken in 
order to compare its behaviour in sulphuric acid condensations with 
that of chloral. 

The condensation of chloral with methoxybenzoic acid has been 
studied by Fritsch {Annalen, 1897, 296, 368; 1898, SOI. 3(50). 
Meldruiu {J . Chem. Soc., 1911, 99, 1712), Bargellini and Molina 
(Aiti H. Accad. Lincei, 1912, 21, TI, 146) and by Alimohandani 
and Meldrum {J. Clievi. Soc., 1V)20, 117, 964) ; the last mentioned 
extending their I’esearchcs to the condensation of chloral with 
hydroxybenzoic acids (J. Ghem, 1921, 119, 201). 

The general method adopted throughout this work was to 
dissolve equimolecular amounts of the two substances in sulphuric 
acid and after twenty four hours to pour the mixture on to ice. 

JSquimolecular amounts of gallic acid and butylchioral hydrate 
yielded 8 :4 :5-frifej/droa?j/-2-aa^- trichloropropyl phthalidc (I) which 
corresponds to and reacts in tlie same manner as the chloral product. 
It gives a triaoetyl compound and the solution in sodiutn hydroxide 
turns dark brown in air. 

With excess (2 mols.) of butylchioral, ^I) is again obtained mixed 
with (II) which contains four butylchioral groups and which, if 
Meldrum and Alimchandaiii's views for the chloral ccftnpound (loc. 
cit.) be adopted, can be regarded as containing heterocyclic rings. 
This compound is insoluble in concentrated sulphuric acid ^nd 
sodium hydroxide solution, and does not form an acetyl derivative. 

, the irimethoxy derivative of (I) was difficult to prepare by 
direct methylatioH.; , it was obtained by condensing trimethoxy- 
behzoio acid with butylchioral. For this purpose, 6i5 p.c. sulphuric 
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acid was found most suitable ; with sulphuric acid of higher coii- 
oentrations, mixtures of di-and trimethoxy derivatives were obtained. 
In the corresponding reaction with chloral the dimethoxy derivative 
only was isolated. 



CHCOIoCHClCH, 


CO— O 


(I) 


CH3 

CHCl 
CCl 
CH 


CHCCla-CHCrCHa 

o o 


:)Ci2 

-< I j_ 


CH-CClg-CHCl-CHg 


—CO 

o\/ I 


CHaCHCl-CCla-CH O 

( 11 ) 


Both the triacetyl- and the trimethoxyphthalides, when recjuoed 
with zinc dust and acetic acid give the respective monochloro r.om- 
pounds, containing the group CH’CCl : CH'CHs. 

‘ The reduced trimethoxy compound is very stable. It dissolves 
slowly in caustic soda solution on boiling without change of colour 
and the original subst^ance is reprecipitated on acidification. 
It may be assumed that the phthalide ring is opened by alkali and 
is again closed on acidification. On treatment with sulphuric acid 
(cone.), the reduction product was not affected. 

In the first experiments on the condensation of butylchloral 
with the- three cresotic acids, diacidio compounds were obtained; 
(III) was obtained from the o-acid. Meldrum and Alimcb^ndaiy 
{loo. olt,) isolated a similar compound from ^the interaction of the 
acid and chloral. The behaviour of the p-acid is thus different from 



CONDENSATION OF BUTYLCHLORAL WITH GALLIC ACID 123 

its behayiour towards chloral with which it gives a heterocyclic 
ring. 


CH 3 

HO 


H 


/\—C 


CO2H 


CCI2 

CHGl 

CHg 


(III) 



HO 




HO2C 


CHg 

CHCICCI2CHCICH3 

(IV) 


In order to get a simple (1:1) compound, the method was so 
modified as to yield a slow and continuous current of hydrogen chlo 
ride. In this way the w-acid yielded easily the compound (IV). It is 
assumed, in line with Alimchandani and Meldrum s results, that 
substitution occurs in the p-position to the hydroxyl group. From 
the o- and p- acids similar compounds were obtained by using excess 
of butylchloral (2 mols.) and heating the mixture. 


Experimbntai.. 

3-A:5-TTihydroxy-2-aa^-trichloTopropyl phthalide, (I). Gallic acid 
(17 g.) and butylchloral hydrate ( 1 » g.) were dissolved in sulphuric, 
acid (95 p.c.). After 24 hours, the mixture was (toured on to ice. 
The product separated as a spongy mass^ which slowly became 
crystalline. It crystallised from acetic acid in colourless prisms, 
m.p. 260». (Found: Cl, 32-7. CjiHoOsCls requires Ck, 32 6 per 
cent ). 

The acetyl derivative ciystallises in long needles from methyl 
alcohol, m.pl 161-62“. (Found: Cl. 23-7. Cj^Hj^OsCl 3 requires 

Cl, 23’4 per cent.). , 

* Compound (II).-Gallic acid (8-5 g.), butylchloral hydrate (19 g.) 
and sulphuric acid ^00 c-o- ^6 p.c.) gave after 24 hours 
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a white sdlid. Cold alkali does not dissolve it but obaztgea its 
colour probably ^lue to decomposition. It crystallises from chloro* 
form in beautiful clusters of needles, m.p, 281-82®. (Pound: Cl, 
51*7. C 2 ijH 2 oOoGl|a requires Cl, 52*1 percent.). 

8 :4 :5-Trimethoxy*2 aa^-trichloro propyl phthalide was prepared by 
condensing trimethylgallic acid with butyl chloralhydrate. Sulphuric 
acid of 85 p. e. concentration was found most suitable. With a 
lower concentration (75 p.o.) the condensation did not proceed at all. 
With sulphuric acid of 90 p. c. and 100 p. c. concentrations a spongy 
mass was obtained. It was resolved by successive cryEtallisation 
from several organic solvents into syringic acid, its condensation 
product, {vide infra) and the trimethoxy condensation product. 

Trimethyl gallic acid (21 g.) and butylchloral hydrate (19 g.) 
were dissolved in sulphuric acid (85 p.c.,62 c.c.) and the mixture after 
10 days, was poured on to ice when a semi-solid mass separated 
which cryatallised from methyl alcohol in transparent plates, m. p. 
90-91®. From the methjl alcoholic mother liquor syringic acid and 
its condensation product were obtained. 

3 :4 lo-Trimethoxy- and 3 :4 \ b-iriac.eiyl-2‘a-chloro-a’propylene 
phthalides were prepared by reducing the corresponding tri-derivatives 
with Zn dust and acetic acid. It was necessary to warm the 
mixtures from time to time. Both products were recrystallised from 
acetone and petroleum ether for analysis. 

lihe trimethoxy compound melts at 110-11®. (Found : Cl, 12-2. 
C 14 H 15 O 5 Cl requires Cl, 11*9 per cent.). The triacetyl compound 
melts at 145®, (Found: Cl, 9*5. Ci-Hi^OgCl requires Cl, 9'3 per 
cent.). 

The trimethoxy compound dissolves in sodium hydroxide solution 
{Nj 10) on boiling, and the original substance is reprecipitated on 
acidification. Cold sulphuric acid (cone.) dissolves the substance 
without evolution of HCl gas even on warming and the original 
substance is obtained on diluting the acid solution. The triacetyl 
derivative is not so stable. 

4-Hydfoxy - 3: 5 - dimethoxy-2-‘aa/3 trichloropropyl phthalide . — 
Syringic acid (16 g.), butylchloral hydrate (15 g.) and sulphuric acid 
(96 p.o. 90 c.c.) were mixed and after 10 days, during which the 
mixture was warmed from time to time, it was poured on to ice. 
The solid, separating, was crystallised from benzene and petroleum 
ether, m. p. 154-55®. (Pound: Cl, 30*2. Cj^HigO^Cl, requires Cl, 
29*9 per cent.). 
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The acetyl derivative oryetalUees from absolute alodbol in trans* 
parent needles, m, p. 169-70°. (Pound: Cl, 27*1. Oi>^Hi^OeCljf 
requires Cl, 26*6 per cent.). 

aaj3 - Trichloro^-di (S-methyl-4-hydTOxy-5->carboxyphenyl) - butane, 
(III). — o-Cresotio acid (4 g.), butylchloral hydrate (5 g.) and 
sulphuric acid (sufficient to form a solution) were mixed ; after 
24 hours the mixture was poured on to ice. The product (III) 
was crystallised from acetic acid«m. p. 289°. (Pound: Cl, 23*0, 
02 oHi 90 eCl 3 requires Cl, 23*1 per cent.). 

The corresponding p- and m-compounds were similarly prepared 
fr^m the respective acids. The p-product was crystallised from 
nitrobenzene and then from acetone and toluene, m. p. 277°. 
(Pound : Cl, 23*3 p.c.). The m-product was crystallised from xylene 
and then from acetic acid in transparent plates, m^ p. 298°. 
(Found : Cl, 23*2 per cent.). 

l-a^^^y-Tetrachlorobutyl-2-methylhydroxy-6-benzoic acid, (IV). — 
m-Cresotic acid (4 g.), butylchloral hydrate (5 g.) and a little 
coarse sodium chloride were dissolved in sulphuric acid (95 p.c.). 
More sodium chloride and sulphuric acid were added at intervals. 
Aftef 24 hours, the mixture was poured on to ice. The product was 
crystallised from toluene in clusters of needles, m. p. 210°. (Found : 
Cl, 40-9. Ci 2 H| 203 Cl 4 requires Cl, 41*0 per cent.). 

The corresponding p- and o-compounds required an excess of 
butylchloral (2 mols.) and heat. For the former, occasional warm- 
ing was sufficient, but the preparation of the latter involved heating 
to 50-60° for 3 days. 

The p-compound crystallised from benzene in clusters of needles, 
m. p.* 211-12°. (Found: Cl, 40-9 p.c.). The o^compound was crys- 
tallised from toluene, m. p. 204-05°. (Found: Cl, 40*6 p.c.). 

The o-acid has a strong tendency to form the diacidic compound • 
which rendered purification difficult. • 

Q.aPPP-TetrachloroethyUb-methyl-Q-hydroxyhenzoio acid. — This 
modified method was also tried with o-cresotic^ acid (1 mol.) chloral 
hydrate (8 mols.) and sodium chloride and sulphuric acid^as before. 
After 2 days, the mixture was poured on to ice and the product 
crystallised from carbon ^etrachloride, m. p. 184-85°. (Found! 

Cl, 44*8. CioHgOaC^ requires Cl, 44*6 per cent.). 

• 

t4, 1M8. 

Bombay. 
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A Study of the Interaction between Thionyl Chloride 
and Substances containing the Reactire Methylene 
(-CHj-) Group. Part III. 

By K. G. Naik and V. B. Thosar, 

The present work is a direct continuation of a previous work 
(Raik and Parekh, J, Indian Chem. Soc., 1930, 7, 137) the amides 
used being the substituted amides of acetoacetic acid and acetone 
dicarboxylic acid. The aim of this work is to show that the reacti- 
vity of the hydrogen atoms of the reactive methylene (-Cb 2 -) group, 
situated between two carbonyl groups, with respect to thionyl 
chloride, is in complete accordance with the hypothesis put forward 
(Naik, J, Chem. Soc,, 1921, 119, 1166, 1231; Naik and Avasare, 
J, Chem. Soc., 1922, 121, 2592), viss., that the interaction of 

sulpj^ur monochloride and a compound containing a reactive methylene 
group, depends upon the nature of the groups attached to the two 
remaining valencies of the carbon atom. 

Thionyl chloride was made to react with following amides in 
presence of dry benzene. 

(1) Acetoacetanilide, (2) acetoacet-o-toluidide, (3) acetoacet- 
m-toliiidide, (4) acetoacet-p-toluidide, (5) acetoaoet-a-naphthyl- 
amide, (6) acetoacet-j3-naphthylamide, (7) aoetoacet-(l :3 :4)- 
xylidide, (8) acetoacet-(l :4 :5)-xylidide, (9) acetone dicarboxyani- 
lide, * (10) acetone dioarboxy-o-toluidide, (11) acetone dicarboxy- 
p-toluidide, (12) acetone dicarboxy-a-naphthylamide and (IS) acetone 
dicarboxy-iS-naphthylamide. • 

When the solution was refluxed there was a copious evolution of 
hydrochloric acid with a change in the •colour of the solution. 
The reaction was complete at the end of one hour. ^ 

The preparation of the substituted amides of acetoacetic acid 
was first attempted following the method described by Knorr {Ami* 
alen, 1886, 236, 75) whioh'^was subsequently discarded, yield being 
found jBxtremely unsatisfactory. After some trials, the method used 
by Ewins and King (J. Chem. Soc., 1913, 103, 104) with some modi- 
fications was found #0 yield satisfactory results. For the prepar- 

tion of the substituted amides of acetone dicarboxylic acid, the method 

• # 



r 

f '..■■■ 

^eseribed by B^thom and Gkurben {Ber., 1900, 88> 8489) was adc^ted. 
Amidaa (6 to 6) and (12 to 18) have been prepared for the first time. 

The resotion in the case of substituted amides of acetoaoetic acid 
(1 to 8) can be represented thus : 


OHgOO 

Vh, 

liNHCO 


CHg CO 

+ SOOla ^ No : 8:0 + 2H01 

BNHCO 


(I) 


In the case of the substituted amides of acetone dioarboxyliC 
acid (9 to 13), although more than two molecules of thionyl 
chloride were taken for every molecule of the substituted amide to 
give ample opportunity for the substitution of sulphoxide groups for 
idl the hydrogen atoms in the two reactive methylene groups, reaction 
did not proceed to this extent and the product contained only one 
sulphoxide group, one hydrogen atom of each methylene group 
having been substituted. 


R-NHCO. 


CO + SOCla 


R-NHCO. 


R-NHOO 




R-NH-CO 


CO '^S:0+2HC1 
^CH 


(II) 


The above constitution of the sulphur compounds follows, from 
the following considerations : 

(i) That the two hydrogen atoms are not supplied by the phenyl 
group follows from the reasons, (a) malondimethyl amide which does 
not contain such a phenyl nucleus reacts similarly with thionyl chloride 
to give a similar sulphoxide (Naik and Parekh, loc. cit.); (b) acetone 
dicarboxyanilide which contains two such phenyl groups also gives 
the same type of compound. On the supposition that the phenyl 
group is reactive, such a compound cannot be expected. 

' (it) That the two hydrogen atoms are not those which are 
originally attached to the nitrogen atom of the -NH*B group for, 
(a) in the first place there is only one such hydrogen in a molecule of 
aoetoacetanilide, while two hydrogen atoms haye taken part in the 
reaction from the same molecule of aceto acetanilide; (6) a tertiary 
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a^da like malondimethylpheixylamide which does not 'contain such 
amido hydrogen, reacts under similar conditions with thionyl chlo- 
ride to give a similar compound (Naik and Parekh, loc. cit,). 

Now taking into considerations the three compounds (i) CH 3 ‘CO* 
CHfl-OO'NH B, (it) K-NH CO'CHg-GO-NH'Band (uOR-NH CO-CHg. 
'C 0 * 0 H 2 *C 0 ’NH E it will be seen that the total negativity of the 
carbonyl groups with their attached radicles in the case of (i) is due to 
two groups, one of which -CO*NH*B is common to all the three 
compounds and the other, the acetyl group, which is more negative 
than the partly neutralised group -CO’NH*B which is present 
jn^(n) and (Hi). Again, the negative effect of the central 
carbonyl groupin (Hi) is divided between two adjacent methylene 
groups, so that the total negative effect on each of the methylene 
group is smaller than that on a single methylene grpup when 
* linked as -CO CHg CO- as in (/) or (H). Hence it was expected 
that the two methylene groups in (Ht) would be Jess reactive 
^ than the one in (i/), which in its turn would be less reactive than 
that in (i). From the facts stated above, it will be quite evident 
that such has actually been found to be the case. Whereas com- 
pounds of the type (Hi) have given rise to sulphoxides of the type (II), 
compounds of the type (ii) and (i) reacted thus : 

RNH'CO R'NHCO 

^CHg + SOCl* ► ^:S:0 +2HC1 

R'-COi R'CO 

where R' is — CH 3 or — NH’R group. Reaction in the case of (i) how- 
ever much faster than in case (ii). Such behaviour is quite in 
accordance with the theory, already referred to above. 

As compared with the sulphoxides of the substituted amides of 
malonic acid, these sulphoxides are not degraded into sulphides by • 
boiling in benzene solution in presence of a catalyst like thionyl 
chloride, hydrochloric acid gas or iodine. They are also more stable 
towards moisture. 

Expsbimbntal. 

Acetoacet-a^naphthylamMe . — Aoetoaoetic ester (13 g.) was mixed 
with a-naphtbylamine (14 g.) in a conical flask with an air condenser, 
and the mixture was heated quickly to boiling and kept gently boiling 
for 14 minutes. On cooing, the amide crystallised out. It was filter- 
ed and washed with a mixture of benzene and light petroleum (1 : 1) 
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till it was free from the ester and the amine* It was then re* 
dissolved in hot benzene and filtered from the insoluble resi- 
due of the diamide which was also formed in the course of reac- 
tion. The filtrate was diluted with an equal volui|^e of light petro- 
leum (b.p. 50-60®) and allowed to cool. Acetoacet-a-napthylamide 
crystallised out in pale red small needles, m.p. 108-09®. It is highly 
soluble in ethyl alcohol, methyl alcohol » benzene and nearly 
insoluble in light petroleum. (Found: N, 6’12. Ci 4 HjsOaN 
requires N, 6*16 per cent.). 

Best of the substituted amides of acetoacetic acid (6 to 
8) were similarly prepared by condensing the respective amines 
with ethyl acetoacetate. The results are tabulated in Table I. 

Acetone dicarboxy-a-naphthylamide. — Acetone dicarboxylic ester 
(10 g.) and a-naphthyl amine (11 g.) were mixed together and heated 
in a sealed tube at 130® for 24 hours. The reaction mixture was 
diluted with about 600 c.c. of benzene when the amide separated out. 
It was filtered and washed with benzene till free from ester and , 
finally with ether to remove amine. It was then recrystallised from 
hot alcohol as pale red granular mass, m.p. 166®. It is fairly soluble 
in glacial acetic acid, sparingly so in alcohol but insoluble in bedzene, 
toluene, light petroleum or ether. (Found: N, 6*94. C 25 H 20 O 3 N 2 
requires N, 7*07 per cent.). 

Acetone dicarboxy-^-naphthylamide was similarly prepared from 
acetone dicarboxylic ester and /S-naphthylamine. The results are 
tabulated in Table II. 

Acetoacetanilide aulphoxide, — Pure dry acetoacetanilide (1*7 g.) 
was made to react with thionyl chloride (1*4 g.) in presence of dry 
benzene (30 c.c.). After refluxing for 1 hour, when the evolution 
d£ hydrochloric acid had nearly ceased, the clear solution obtained 
*.was concentrated and allowed to cool. Nothing separated out. Hence 
it was slowly add&d to a large amount of dry light petroleum (b.p. 
60-60®) when a beautiful snufi coloured compound separated out. It 
was redissolved in benzene and separated by slow addition of light 
petroleum.*' It was then kept in an alkali desiqcator till it was free 
from hydrochloric acid. It melts with decomposition to a thick black 
liquid at 90®, with a previous shrinking at 69®. (Found: N, 6*43 ; 

8 , 14*26. CJ 0 H 9 O 3 NS requires N, 6*27 ; 8 , 14*35 per cent.). 

All other sulphoxides were similarly prepared by treating the res- 
pective amides (1 mol.) with thionyl chloride (l,mol.) under similar 
conditions. The results are tabulated in Table III. 



New Subitituted Amides^ of Acetoacetic Acid. 
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Condentation Products of Thionyl Chloride with Substituted Amides of Acetoacetie and Acetone dicarboxylic Acids 

(8»-Siilphoxide). ' ' Ansly»is 


K. G. NAIE AND V. B. THOSAB 




• , , IH f-| »— * 1^ 


S 2 a52552fe53^P“»*O»0 5- 


*^QOOiOOO>0»^»OooCOOO 


8 

eS 

& 

o 

8 

a 

2 

ja 

d 

» 5 
2 1 
..d s 

• ja 

& 

•§ 

JS 

Si 'S 

GU 

< 

£ 

eS 

O fit 



CO 

GO 


\z 

Jz; 

'i 

i 

c? 

Cd 

o 

<5 

pci 

O 

o 


“ g< O J4M S S 

8 .3 .2 5 2 B 

Q CLi C+J 


00 2? GO 00 cz: do go go 


rss.’S.'s i 
=P« I ii5| 


i"P s s 
•is 1^1* 


•2 3 '§,•§. 

I 

^ ^ 


CD 0 

OQCO 

;3 »§ ^ *! 

• ^ M g O I 
M &| 


I &§• 

^ a a 


cici S 8 


I J3 JQ 

^|l|' 


W* <» 

•^ « 
S B 

- s. 

S S 
2 ^ 
S*^ 

0 

1 2 

^•s 

a 

5 

o -M 

®* fe 

® 1 

CO oB 

:a & 

t - 

«8 

- ,5 

OS ^ 

li 


BaBODA COLLBOB, BaeODA. 



A Physical Method of Estimating Ferrous and Ferric 
Iron formed by the Actions of Potassium Dichromate 
and Potassium Permanganate upon Ferrous Salt. 

By Mata Puasad and P. V. Desiipandk. 

• In the present investigation the amounts of ferrous and ferric 
iron have lieen determined by the use of absorption spectra. A quartz 
spectrograph used. An iron arc consuming three ami^eres was 

.used as the source of light. A Baly's absorption tube w^th quartz 
end-plates was used. The width of the slit, the focus, the necessary 
aperture and the time of exposure were adjusted by taking some 
» trial spectrograms. Standard solutions of ferrous ammonium sul- 
phate, potassium dichromatc and potassium permanganate were 
prepared from Merck’s pure chemicals. After taking the absorption 
spectra of pure solutions, the ferrous salt solution was mixed respec- 
tively with potassium dichromate and potassium permanganate in 
different known proportions. With single solutions or with mixtures 
of solutions, the length of the absorption column of the Baly’s tube 
was varied and several photographs were taken. The thickness 
exposed was then expressed in terms of equivalent thickness of 
M/10,000 solution with respect to iron. 

Tha strength of the mixture has been expressed in terms of its 
iron contents and it has been called ‘ molal ' when it contains 56 g. 
of iron in 1000 c.c. of the mixture. 

Ferrous ammonium sulphate has only total absorption and when • 
it is mixed with either of the oxidizing salts, they lose their charac- 
teristic bands and the mixture gives only tqtal absorption. As the 
composition of the mixture is changed, the absorption border also 
shifts. The results of the measuretnonbs for various mixtures with 
potassium dichromote and potassium permanganate respectively are 
graphically represented in? Figs. 3 and 4. In these graphs the loga- 
rithm of equivalent thickness for M/10,000 mixture has been plotted 
against ftie corresponding absorption edge. 

The absorption border^s of. mixtures containing different propor- 
tions of potassium dlohromate and potassium permanganate were 
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read at log from the ourves shown in Figs. 8 and 4 and the 

results are graphically shown in Figs. 1 and 2. 

The graphs in Figs. 1 and 2 can be used to determine the percen- 
tage of ferrous and ferric iron present in a mixture of known iron 
content, containing the ferrous salt and either of the oxidizing agents 
in amounts insufficient to oxidize the whole of the ferrous iron. 

The absorption spectrum of a mixture of known iron contents (say 
0*048M) containing ferrous ammonium sulphate and potassium dich- 
romate is taken at a thickness t^lfc (where c is the molality of the 
mixture) and it is assumed that the absorption edge lies at 36660 
A.U. From graph in Fig. 1, the proportion of ferrous and ferric is on 
for this absorption edge is 89*45 to 10*55. Since the total quantity 
of iron in 1000 c.c. is 2*688 g., the quantities of ferrous and 
ferric iron are 1'4164 g. and 0*2726 g. respectively. 

The results, thus obtained have been compared with the theoretical 
ones. The method can be used for estimation of ferrous and ferric 
iron in a mixture under the conditions stated. 

Table I. 


Potassium Dichromate, 


Theoretical ly calculate d . 

PhysicBlly 

determined. 

FeCoas). 

Fe(ic). 

Fe(oaB). 

Fe(ic). 

98-24 

1-76 

98-60 

1*60 

90-02 

9‘98 

89-40 

10*60 

80-19 

19-81 

81-20 

18*80 

64-80 

86-61 

65*10 

34*90 

87-47 

62-63 

36-99 

63*01 



Table II. 



Potassium Permanganate. 



Theoretically calculated. 

Physically determined. 

^.(oob) 

Fe(ic) 

FeCoua) 

Fe{ic) 

96*72 

428 

96*10 

8*90 

76-70 

24*30 

76*90 

24‘10 

64 87 

85*63 

64*40 

86*60 

60‘40 

49*60 

60‘60 

40*40 

80-27 

69*78 

30*67 

69*87 








’ A Note on the Relation between Coagulation and 
Gelation Points of Sols. 

By Satya Prakash. 

Gessner {Koll. Chcm, Beih., 1924, 10, 213) found in the case of 
vanadium pentoxide sol that more electrolyte is necessary to give a 
jelly of the sol in a definite period than to coagulate it. In this 
connection, I am submitting some of my observations regarding 
positively charged sols. 

A known amount of the sol was mixed with different concentra- 
tions of electrolytes and the volume was kept constant in every case 
by the addition of water. The sols were allowed to stand for one 
hour, and the minimum amounts of electrolyte necessary to com- 
^ pletely coagulate the sol and to give the jelly in the sgme period 
were noted. In the case of lyophilio jelly-forming sols, it is rather 
difficult to expect tliat the particles would settle down soon after 
coagulation, and therefore, the end points for coagulation were taken 
by filtering the sols and observing that no colloidal phase passes down 
in the filtrate at the point. 


Table I. 

Time of observation = 1 hour. 





c 

Sol. 


di 

CU 

-4.3 

a 

• 

rO 

Cd 

Q 

d 

1 

a 

o 

B 

<S 

[c.c. 

1. Feiiric araeuatc 

5 

30 g. 

2*5 
3*0 
1*5 
2 0 
2*6 

2. Chromio arsenate 

6 

86*4 

40 

4*0 

3. Zirconiiini molybdate 

5 

14*48 

40 

40 

4. Zirconium borate 

4 

24*72 

40 

4*0 

■■♦5. Titanic acid 



3 0 


o 


a 

Q 

a 

s. 

Electrolyte* 

Cosgolat 

point. 

§ 

us 

"c? 

§ 


c9 

0 

[c.c. 3 


[c.c.] 

[C.O.] 

5*0 

A76-KC1 

0*35 

0*45 

6*0 

0*40 

0*50 

5*0 

IV/ 2 OO-K 3 SO 4 

0*60 

1*10 

6*0 


0*60 

1*15 

50 

• 

0*70 

1*30^ 

6*0 

]V/5.KaS04 

0*90 

ITO 

6*0 

N/lO-KiFeCye 

0*65 

0*80 

6*0 

N/20.KC1 

0*30 

0*40 

GO 

2 V/ 6 O--K 3 SO 4 

030 

1*00 

6*0 

N/4-KC1 

• 0*80 

1*20 

6 0 

iV/ 10 -K 2 S ()4 

0*80 

1*60 

4*0 

JV/50-KC1 

0-60 

0*10 


/V/50.KBr 

0*90 

1*00 


N / 60 i ) KaCrOi 

M*80 

I'OO 


A7125.KaSG4 

0*30 

0*50 


ZV/lOOO-KsFeOyg 

0*40 

0*60 


A710()0-K4FeCy6 

0*30 

0*40 


“ cf, Bbutia auJ Ulioab, J. Ind/an Cliem, 6'oc., 1^30, 7. 087. 
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Similar results have been obtained with other sols both nega- 
tively and positively charged. From these results, it appears that 
a little more electrolyte is necessary to set a jelly than to coagulate 
the jelly-forming sol in the same time. The same amount of 
electrolyte which coagulates a sol in one hour would give the jelly 
in a period which varies with the purity of the sol. In the case of 
comparatively impure sols, the period of gelation has been extended 
from that of a few hours to 24 hours and even more. The effect of 
purity on the relation of coagulation and gelation points is illustrated 
in Table II. 

A sol of ferric arsenate, containing much excess of ferric chlori/^e 
was prepared and during the course of dialysis, its gelation and coa- 
gulation points and also the concentration of chloride ions were 
determine^. 


Table II. 


Amount of sol taken 

— 3 c.c. Total volume 

= 6 c.c. Time=l hour. 




Molar cone. 

of KoSCL 

Gelation 

Days dialysed. 

Cone, per Codc. of chlo- 
litre. ride ions. 

to coagu- to give jelly 
late. 

coagalation 

ratio. 

3 

26*68 g 

0'077iV 

0*a8M 

no jelly 

— 

10 

22*31 

0-018N 

O’OOldM 

0*0026 Af 

1-66 

11 

21*42 

0*011iV 

(r0012M 

00016Af 

1*33 

12 

21-07 

0-0086JV 

O-0008M 

O'OOlOAf 

t 1*25 

13 

23*91 

0-00702V 

0*(X)06M 

0*00066M 

1*10 


The results recorded in this table show that as the sol becomes 
purer, and the conceixtration of chloride ions becomes less on dialysis, 
the ratio between gelation and coagulation concentrations approaches 
unity. In the case of very pure sols, gelation and coagulation points 
coincide with one another. 

The difference between gelation and . coagulation points is more 
marked when the sols are coagulated by bivalent ions than when by 
monovalent ions, as would be seen from Tahje III. The results are 
based on the figures given in the Table I. 



COAQtJLATlOlS AT5D GELATIONS POINTS SOLS 


m 


Table 111 . 


B is the ratio between the gelation and coagulation concentrations. 


Bol. 

Ferric aisenate 
Zlrconiuo) molybdate 
ZirconiuiD borate 
Titanic acid 


li with KCl. 
0-46/0-35=>l-28 
0-40/0-30=l-33 
r2a/o-80=i-5 
0-7(l/()-r>0 = l-16 


B with KjSO^. 

1-30/0-70-1-86 

l-00/0-30-3'38 

l‘50/0-80»l-87 

O-5O/0-80=l-6f5 


From these results, it would be seen that in all the cases, the 
value of B is greater when the coagulation is effected by potassium 
sulphate than when by potassium chloride. • 

The author wishes to - express his indebtedness to Prof. N. E. 
Dhar for his very kind interest and guidance in the work. 

Chemical Laboratories, 


TJnivebsitv of Allauaiiad, (India). 
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A Note on the Liesegang Rings of Silver Chromate 
in Gelatine. 

By B. N. Desai and G. M. Nadar. 

• It is well-known that sometimes it is not po 3 si])le to get Liese- 
gang rings o£ silver chromate in different samples of gelatine. The 
explanation of this particular behaviour lies in the observation of 
, Liesegang (Z. Phys, Chcin., 1914, 88, B) himself who has ^tated that 
the best rings are obtained if the gelatine is not too pure and contains 
suitable amounts of acid and golatose. The purpose of this note is to 
• give some results which indicate the probable role of the py, of gel a 
tine on the nature of Liesegang rings of silver chromate. 

A 20 per cent, solution of silver nitrate was allowed to diffuse into 
a 15 f er cent, gelatine gel impregnated with 0*1 per cent, of potassium 
dichromate. The experiments were carried out at a temperature of 
28®. The results (mean of three independent experiments) are given 
in the table at the end of the paper. 

The results show that an increase in the acidity of gelatine is 
accompanied by a decrease (i) in the time after which the first ring 
appears, (u) in the distances between the same successive rings and 
(Hi) in, the number of rings which can be obtained. The statement 
that addition of suitable proportions of acid increases the width of the 
chromate rings until, with excessive amounts, the whole precipitate 
forms a continuous band (E. Hatschek, “ A Laboratory Manual of 
Elementary Colloid Chemistry 1920 Ed., p. 125f is not supported 
by these experiments and it is difficult to understand tlie reasons of 

differences in the results in the two cases. A decrease in the dis- 

# 

tances between successive rings with an increase in th^ acidity of 
gelatine might be due to the following effect. 

We have shown (paper Desai and Nabar which is in course df 
publication in the Trans. Faraday Soc.) that the inhibitive power of 
gglatirib increases with a decrease of its pti (addition of acetic acid) 
due to an increase in the opposition to the growth of crystallisation 
centres and that a sample of gelatine with lower pH can keep; a 

5 
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greater amount of silver chromate in ionic condition than another 
sample with higher pa. The degree of supersaturation having 
increased with an increase in the acidity of gelatine, once a crystal* 
lisation centre is formed, both its rate of growth and the ultimate 
size of the particle of the precipitate will be great. Now an increase 
in the size of the particles of the precipitate will decrease the adsorp- 
tion of the substances present in the neighbourhood due to a decrease 
in the specific surface and hence silver nitrate will not have to travel 
a great distance before the metastable limit for the appearance of the 
next ring is reached. It would thus appear that the distances 
between successive rings will decrease with an increase in the acidity 
of gelatine due to an increase in its inhibitive power. 

With an increase in the acidity of the gel the rings are found to 
be spiral shaped, broken at places, or are not obtained at all because 
of the fact that there is a tendency for the particles of the precipi- 
tate to become bigger as shown by these results. As pointed out by 
Bradford (J. Soc. Chem. Ind,^ 1929, 48, 79) if the precipitate can be 
obtained in a fine condition good rings can always be obtained. He 
achieved this purpose by working with dilute solutions of the reac- 
tants or by decreasing the solubility of the precipitate in the gel by 
adding alcohol to it. One would thus expect that perfectly good 
rings of silver chromate should be obtained in gelatine having a 
higher pn « because the number of crystallisation centres being 
increased the precipitate will be obtained in a finer condition. But 
this process cannot probably go on indefinitely. For, as we have 
shown (Desai and Nabar, loc. cit.) increase of pH causes a decrease 
in the maximum possible saturation and, therefore, we may expect 
that ultimately the supersaturation value will coincide with that 
corresponding to the saturation solubility product. The consequence 
of this will be that although the precipitate may be in a fine condition 
it will be deposited more or less in a continuous manner throughout 
the medium without the formation of rings. The rate of diffusion 
may also change with a change in the ph of gelatine and might pro- 
bably be connected with this. The question, however, requires 
further investigation* It is possible that there might be definite 
limits to the pn value of gelatine within which good rings of silver 
chromate can be obtained. 

We are at present investigating in detail the influence of the 
inhibitive power of different gels on the formation of banded precipi- 
tates of various sparingly soluble substances. 
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The Reaction between Quinolinic Anhydride and 
Phenylhydrazine. 

By Pkem Eanjan Sen-Gupta and Andkul Chandra Sircar. 

Hotte (J. pr. Chcm., 1887, it, 35 , 265, etscq) has shown that 
phthalic anhydride condenses with phenylhydrazine to give four 
different condensation products under different experimental con- 
ditions . 


(I) 


CuH 



N-NHPh 


yCOOH 
(II) CcH / 

N^ONHNHPh 


Phthalylphenylhydrazine. 

/CONHNHPh 
(III) C«H,/ 

^CO-NHNHPh 


Anilidophthalaminic acid. 


(IV) C,H 



Phthalyldiphcnylhydrazine /I-Phthalylphenylhydrazine. 

(Dianilinophthaly Idiamide) . 


According to Hotte {loc. cit.) the compound of type (IV) is 
formed not by the direct action of one molecule of phenylhydrazine 
an^ one molecule of phthalic anhydride but by the elimination of one 
molecule of phenylhydrazine from a compound of the type (III) first 
formed . 

Ghosh (J. Chcm. Soc., 191», 116 , 1103) attempted the conden- 
sation of quinolinic acid with phenylhydrazine and obtained a com- 
pound of the type (I). * 

Using different experimental conditions, besidqp quinoiinyl- 
phenylhydrazine, compounds of the types (II) and (III) in a very 
pure condition and most probably a compound of the type (ly) in 
a somewhat impure condition have now been obtained by the con- 
densation of quinolinic anhydride with phenylhydrazine. In an 
experiment in which quinolinic acid and higher temperature were 
used, a new compound, as indicated by its melting point, containing 
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the same percentage of nitrogen as required by the compound of type 
(III) was obtained. In view of the fact that at a higher tempera- 
ture quinolinic acid evolves carbon dioxide^ and is converted to 
nicotinic acid it is surmised that the same change took place under 
conditions of the experiment and the resulting nicotinic acid reacted 
with phenylhydrazine to form phenylhydrazinonicotinate. 

Quinolinic as well as phthalic and naphthalic anhydrides have 
also been condensed with unsymmetrical methylphenylhydrazine 
but in each case compounds of the type (I) have only been obtained. 

Experimental. 

Anilicloquinolinaminic AcixL 

Quinolinic anhydride (0*75 g.) was suspended in benzene (lOfj.o.) 
and to this, a solution of phenylhydrazine (0 55 g.) in 5 c.c. of benzene 
added and the mixture allowed to stand ab the ordinary temperature 
with occasional stirring for 2 days. The separated solid was 
collected, washed first with benzene, then with a little alcohol and 
finally crystallised from alcohol in colourless needles, m.p. 146® 
(decomp.). It is insoluble in benzene, easily soluble in alcohol or 
acetic acid. It dissolves in sodium carbonate solution. (Found : 
N, 16*68. OiaHiiO.^Na requires N, 16*34 per cent.). 

Quinolinyldiphejiylhydrazine (Dianilidoquinolinyldiamidc). 

XONHNHPh 

C5R3N< 

N^ONHNHPh 

^ A mixture o£ quinolinic anhydride (0*7 g.) and phenylhydrazine 
(0‘5 g.) (equimolecular quantities) was heated in a test tube on an 
oil-bath at 120-80*’ for 10 minutes smd then allowed to cooll Tl\e 
fused mass was dissolved in alcohol. On adding, very dilute hydro- 
ohlorio acid to the solution, a solid separated which crystallised from 
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alcohol in yellow needles, m.p, 201 ® It is soluble in 
alcohol, acetic acid or pyridine, and insoluble in ben- 
zene. It dissolves in strong sulphuric acid with light violet 
colour which disappears on heating. (Found: N, 20*31. Ci 9 Hi 7 - 
O 2 N 5 requires N, 20*17 per cent.). 

In the anticipation of obtaining J3 quinolinylphenylhydrazine 
(i.e,, compound of the type, IV), the preceding compound was heated 
to 200 ® for 1 hour. It suffered decomposition and phenylhydrazine 
was given out. But the other resulting product could not be 
obtained in a sufficiently pure state. 

• 

Phenylhydrazhwnicotinatc. 


CO NH-NH Ph. 



(Quinolinic acid (0*5 g.) with phenylhydrazine (2 c.o.) was heated 
in a test tube on the oil-bath for 20 minutes at 200-30®. On adding 
spirit to the resulting product, a yellow compound separated which 
crystallised from alcohol as yellow plates, m.p. 185®. It is sparingly 
soluble in cold alcohol, more so in the hot solvent and insoluble in 
benzene. (Found : N, 20*24. C 12 H 11 ON 3 requires N, 19*71 per 
cent.). 

PhthalyUa-methiflphe^iylhydrazine, 


yCOv 

C6H4^^^N*N*(CH3)Ph 


The fused mass obtained by heating together methylphenylhydra- 
zine ( 0*6 g.) and phthalio anhydride (0*7 g.) 5n an oil- bath at 180® 
for 10 minutes, was dissolved in alcohol. The crystalline precipitate 
which separated on the addition of dilute hydrochloric acid to t^e 
solution, was finally crystallised from alcohol in yellow rectangular 
plates, ^m.p. 124®. It is soluble in alcohol, acetic acid or acetone> 
and insoluble in benzene or ether. It dissolves in strong sulphuric 
acid with a pink col&un (Found: N, 11*87. C 15 H 12 O 2 N 2 requires 
yi, 11*11 per cent.). 
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Quinolinyl-a-methylphenylhydrazine . — Methylphenylhydrazine 
(0*6 g.) and quinolinic anhydride (0*7 g.) were heated together at 120® 
for 16 minutes on the oil-bath. The resulting mass was dissolved 
in alcohol and precipitated from the solution by the addition of 
dilute hydrochloric acid. It crystallised from alcohol as yellow 
prisms, m.p. 155°. Its properties are similar to those of the preced- 
ing compound. (Found: N, 16*82. C14H11O3N3 requires N, 16*60 
per cent.). 

Nphthalyl-a~methylphcnylhydrazinc was prepared from naph- 
thalic anhydride (Ig.) and methylphenylhydrazine (0*6 g.)in the same 
way as the two preceding compounds and finally obtained as yell 'w 
plates, m.p. 210®. It is soluble in alcohol or acetic acid, more so in 
the hot solvents and insoluble in benzene. (Found : N, 9*68. 
OjoHi^OgNa requires N, 9*27 per cent.). 

Chemical Labobatoby, 

Dacca Univeksity. Eeceivcd March 12, 1932. 

Dacca, India, 



Coamarins and Chromones from iS-Naphthol. 

By Biman Bihabi Dby and Arupathi Kbishnaswahi 
Laeshminabayanan. 


The naphtha-a-pyrone derived from jS-naphthol and acetoacetu 
ester yields smoothly and quantitatively an extraordinarily stabh 
coumarinic {da) acid (Dey, J, Chem. Soc.^ 1915, 115, 1620, 1630) 
As far as we arc aware, it provides the only exception to the ruh 
thft ooumarins as a class, and specially those with an alkyl group 
in the 4*po3ition, offer considerable resistance to the opening of the 
pyrone ring by alkalis, and eventually form only unstable coumarinic 
•acids which cannot be isolated as such, but are reconvdHed intc 
the original coumarins on acidifying their alkaline solutions. Nc 
plausible explanation of the remarkable stability of the methyl-yS* 
•naphthacoumarinic acid has yet been offered and there also remains 
some uncertainty regarding the constitution of the ^S-naphthapyrone 
itself (Dey, foe. cit, p. 1615). Further work on the constitution of 
y9-napSthapyrones in general has recently been published (J. Indian 
Chem. Soc., 1932, 9 , 71). 

Bacovescu (Bcr., 1910, 43 , 1280) first prepared a pyrone which 
was designated l-methyl-4 :3-)8-naphthapyrone {vide, infra) having 
the following constitution, 


CH 


I I 

^/v 


by condensing ^-naphthol and acetoaoetio «ster with the aid of 
concentrated sulphuric acid, and the same compound was subse- 
quently prepared (Dey, loo. cit. p. 1628) by heating 4 :3-jS-naphthapy- 
rone-l-acetio acid above its melting point (191°). While preparing^ 
large quantities of this pyron^, the curious fact repeatedly came to 
our notice that although the crude material, after washing free 
from unchanged /8-naphthol by alkali, appeared crystalline and 
fairly pure, and amounted to as much as 75 per cent of the theoretical 

yield (16 g. of the uncrystallised body were uniformly obtained 

• 

6 
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from 14 g. ofyS-naphthol), the product inelted very indefinitely, afid 
the pure /S-naphthapyrone (m.p. 179®) ultimately obtained by several 
reorystallisations of the crude product from boiling alcohol, amounted 
hardly to 24 per cent (5 g.) of the yield required by theory. The 
presumptioD seemed, therefore, to be reasonable that the reaction 
had Jed to the formation of some other product or products, the 
separation of which in a pure state by fractional crystallisation from 
a suitable solvent or by treatment with alkalis at different tempera- 
tures, should be practicable. Attempts at separating the constituents 
of the mixture by these methods have not yet been successful, but 
evidence has been obtained from other directions which has settled 
definitely the nature of the second component. The possibility that 
the impurity in the present case might consist, at least to some 
extent, of the corresponding ^S-naphthachromone derivative suggested 
itself quite early in the investigation, and a reference to literature 
showed that the expected methyl-^S-naphthachromone, which is 
designated 8-methy 1-1 :4-/3a*naphthapy rone* having the following 
constitution 

CH 

00 C-CHg 



had already been described by several investigators. It appears to 
have been first synthesised by Schneider and Kunau {Ber,, 1921,84, 
2302) by condensing )9-naphthylmethylether with sulphoacetic acid 
(a mixture of acetic anhydride and sulphuric acid) and treating the 
resulting 2-acetyl-3-methyl-l :4-/Ja-naphthapyrone (m.p. 157®) with 
alcoholic ammonia, when the desired naphthachromone (m.p. 168®) 
was obtained. Wittig {Annalen, 1925, 446 , 155) subsequently 

prepared the same compound by heating l-aceto-2-naphthol with 
sodium acetate and acetic anhydride, a mixture of the 2-acetyl deriva- 
tive (m.p. 157®) and the methyl-/3-naphthaohromone (m.p. recorded 

* There seems to exist some confasion in the method of nomenclature of these 
bodies. The names jS-naphthacoumarin and iS-naphthachromone chosen by Bartsch 
{Ber,, 1903, 36 , 1969), Bacovescu {loc, cit,), Schneider and Kunau {loc. cit.), and 
others are obvloasly unsuitable, while the designations l-metbyl-4 : d-6-naphtha- 
pyrone {Dey, J, Chem, 8oc,, 1915,115, 1629) for th^ ocrQmarin, and 3* methyl-1 ; 
4:-/3a-naphthapyron6 (Menon and Venkatar^man, J, Ch^, 8oq,, 1931, p. 2594) for the 
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by Wittig is 164^} being obtained. Becently Menon and Venkataraxnan 
(J. Chem. Soc., 1931, p. 2594) prepared the above mentioned 2-acetyl 
derivative by the same method as that described by Wittig, and 
obtained from it the pure /9-naphthacbromone (m.p. 168°) by 
deacetylating it with alcoholic ammonia according to the directions 
given by Schneider and Kunau (loo. cit.). The constitution of this 
methyl-)8-naphthachromone would thus appear to have been well 
established by these syntheses, and the same compound has now 
been synthesised from /?-naphthol and acetoacetic ester by using 
phosphorus pentoxide as the condensing agent (Simonis* method). 
She chromone is best characterised by conversion into the 2-styrene 
derivative which is formed with extreme readiness and separates 
in almost quantitative yield from alcohol according to the following 
equation (cf. Heilbron, Barnes and Morton, J. Chem, 1923, 

123, 2565). 


CH . on 



corresponding chromone, do not convey a clear idea of the relationship between the 
BtructuroH of these two bodies. The following system of naming the coumarins 
and chroinones derived from ^-naphthol seems to have the advantage of being more 
consistent and has been adopted by ns in the present paper : — 



1 :2-;8a'Naphthapyrone. 1 ;4-^a-Naphthapyron^. 



1 :2-/8i3-Napbthapyrone. 



CH 

CH 


1 ;4-^i3-Naphthapyrone. 
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The reaction with benzaldebyde thus affords a suitable test for 
detection of the cbromone even when it occurred in minute quanti- 
ties, and was therefore applied to the determination of its presence 
in the crude mixture obtained by the condensation of )8-naphthol 
and aoetoacetic ester by means of sulphuric acid. On treating a 
warm alcoholic solution of the crude material with benzaldehyde 
followed by the addition of a slight excess of alcoholic sodium 
ethoxide, considerable quantities of the sparingly soluble styrene 
(m.p. 198®), identical in all respects with that derived form the 
chromone, crystallised out in the course of an hour. The pure 
^-naphtha-1 : 2-pyrone (m.p. 170°), however, when treated in th^ 
same way, gave no sign of reaction or formation of a benzy- 
lidene derivative, and on expelling the unchanged benzaldehyde with 
steam, and acidifying the cold alkaline solution, the stable coumarinic 
acid, mixed with a little unchanged coumarin, slowly separated out. 

These results seem to be of particular interest in their bearing on 
the problem of syntheses of coumarins andchromones by Pechmann's 
and Simonis’ methods respectively. They prove conclusively that 
coumarins and chromones may 3o^h be formed under the conditions 
of Pechmann's reaction in which strong sulphuric acid is used ai the 
condensing agent. This fact does not appear to have been noticed 
or given due prominence by any of the workers who have recently 
invaded this field, and it may therefore be not out of place here to 
dwell briefly on the history of this reaction. Simonis (Petscheck and 
Bimonis, Ser,, 1913, 46, 2015; Simonis and Lehmann, Ber.^ 1914, 47, 
697; Simonis and Remmert, ibid,, 1914, 47, 2229) first claimed to have 
made the observation that chromones and not coumarins were fqrmed 
when, in the usual Peohmann reaction, concentrated sulphuric acid was 
replaced by phosphorus pentoxide in dry ether. In a series of papers 
‘published by Jacobson and Ghosh (J, Chem, 8oc,, 1916, 107, 426, 
959, 1051 ; Ghosh, tbid., 1915, 109, 105) the claim was made that 
chromones had been synthesised even by the use of sulphuric acid. 
According to these authors the formation of coumarins or chromones 
in the ordinary Pechmann synthesis seemed to depend on the nature 
of the j8-ketonic ester or the ^-diketone molecule, chromone formation 
beihg favoured by the substitution of one of "the methylene-H atoms 
by an alkyl or other complex groups. These statements remained 
unchallenged until Baker and Robinson (J. Chcm. 8oc., 1925, 1^7 
1981; Baker, ibid,, 1925, 127, 2849) threw doqbt<«on the authenticity 
of the so-called chromones synthesised by Jacobson and Ghosh, and 
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suooeeded in proving definitely that the supposed chromones were 
in reality ooumarins. Sinoe then Chakravarti (J. Indian Chem. Soo., 
1931, 8, 129, 407) and Bobertson and others {J. Chem. Sac., 1931, 
p* 1256, 1877, 2426) have published much valuable data concern- 
ing the Simonis reaction and shown that the generalisation made by 
Simonis is by no means justified, chromones being formed in only 
a very limited number of cases, e.g,., those of phenol itself, 
catechol, guaiacol, p-cresol and quinol, while with other phenols 
and with a-naphthol, the products were only coumarins. Bobert- 
son and others seem to have arrived at the conclusion that while 
coamarins are exclusively formed by Pechmann*s method, the use of 
phosphorus pentoxides as the condensing a gent results, in a few rare 
instances, in the formation of chromones, the course of the latter 
^ condensation being determined by the nature of the phessol rather 
than by that of the ^S-ketonic ester employed. 

In the light of the observations made with /?-naphthol which are 
• now recorded, the conclusion is unavoidable that the proposition 
of Ghosh and Jacobson, viz,, that coumarins and chromones may 
both bo formed in the normal Pechmann process, is fundamentally 
souncF. The important factor which determines the course of the 
condensation, however, is obviously not the /3-ketonio ester but the 
phenol itself, as suggested by Bobertson. It seems to be peculiarly 
unfortunate that the large number of incorrect observations recorded 
by Jacobson and Ghosh, the majority of the compounds described by 
these authors as chromones having now been proved to be the cor- 
responding coumarins, should have misled chemists into doubting 
the possibility of their fundamental assumption, viz,, that chromones 
are formed even through the agency of sulphuric acid, being 
correct. 


Experimental. 

Preparation of 4fmethyl-^-naphthacoumarin (^-methyl-l 
naphthapyrone) by a alight modification of the experimenial condi- 
tions given by Bacoveaou (loo. cit.). — A mixture of finely powdered 
jS-naphthol (14 g.) ethyl acetoacetate (15 g.) wp» 

slowly added to ioe-oold concentrated sulphurio acid (25 o.o.) and 
shaken vigorously. After 24 hours, excess of cracked ice was added, 
and the precipitated gummy mass washed repeatedly with cold water 
and finally with 20 p.o.*mAthanol when it became granular and easy 
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to filter. It was then left in contact with N/ 2 - caustic soda for some 
hours* filtered, .washed with water and dried. The pale yellow 
crystalline solid weighed 16 g. approximately, and melted in- 
definitely between 125® and 160®. The pure coumarin was 
obtained by washing the crude material with cold methanol and then 
crystallising twice from excess of boiling absolute alcohol with the 
aid of animal charcoal. Colourless plates, m. p. 179®, yield 6 g. 

Bynthesis of 2-methyl>l:4'l3a-naphthapyrone from p-naphthol 
and ethyl acetoacetate . — Powdered ^ naphthol ( 8 g.) and ethyl aceto- 
acetate (7*5 g.) were warmed in a flask until a clear solution was 
obtained, and dry phosphorus pentoxide (15 g.) quickly added aoid 
thoroughly mixed. The reaction began almost immediately, but 
it never became violent and no cooling was found necessary. The 
mixture vsas finally heated on the water-bath for 20 minutes, and on ^ 
cooling, ioe-wftter (200 c.c.) was added, the whole thoroughly stirred 
and allowed to stand for 2 hours. A dark tar was deposited which, 
on rubbing repeatedly with AT-caustic soda, gradually solidified. It 
was washed with a little cold methanol, and then crystallised twice 
from the boiling solvent with animal charcoal. Colourless rect- 
angular plates, m. p. 163®, yield 1*2 g. (Found: G, 80*1^ H. 
5*0. Ci 4 Hio 02 ‘ requires G, 80'0; H, 4*76 per cent.). Admixture 
with the corresponding coumarin (m. p. 179®) depressed its melting 
point to 140®. The substance dissolves in concentrated sulphuric 
acid to a pale yellow solution which exhibits a bright blue fluor- 
escence ( of. Menon and Venkataraman loc, cit,), 

2-8tyTyhl-A-pa-naphthapyronc . — Naphtha-y-pyrone (2 g.) was 
dissolved in boiling absolute alcohol (40 c.c. approx.) and the clear 
hot solution treated successively with benzaldehyde (2 g.) and a 
solution of sodium ethoxide prepared from 0*5 g, of sodium and 
'20 c.c. absolute alcohol. The colourless solution immediately 
turned yellow which gradually changed to an intense red colour. 
The liquid was refluxed />n the water-bath for 15 minutes and allowed 
to cool when the flask-became filled in a short time with a mass of 
soft yellow needles. One crystallisation from' boiling alcohol gives 
the pure styrene, m.p. 198®, yield, nearly 2 g. (Found: C,83*9; 

H*, 4*6. O 21 H 14 O 2 requires C, 84*6; H, 4*7 per cent.). 

The styrene dissolves in concentrated sulphuric acid with a red 
colour and the solution shows a green fluorescence. Alkaline per- 
manganate is decolourised on shaking with aa alcoholic solution of 
the styrene, manganese oxides being precipitated. 
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The dibromide , prepared by dissolving the ’Styrene (0'5 g.) in 
warm carbon disalphtde (40c.c.), adding a solution of bromine (0'5g.) 
in OS 2 (5 e.c.), and shaking for 1 hour, crystallises from hot gla- 
cial acetic acid in yellow plates, m.p. 175® (not analysed). 

Interaction of 4:- methyl-1 :2‘poi-naphthapyTone and benzal- 
dehyde . — An alcoholic solution of the coumarin was treated with 
benzaldehyde and sodium ethoxide in exactly the same way as that 
described in the case of the chromone. The solution became bright 
yellow but did not turn red. Nothing separated even on standing 
for 2 days. The alcohol was partly driven off, the benzaldehyde 
removed with steam, and the cold solution acidified. The solid 
wtich was precipitated slowly, was found to dissolve only partly in 
cold sodium bicarbonate. The insoluble portion, on crystallisation 
from alcohol, melts sharply at 178®, not depressed by admixture 
' with the pure coumarin. The bicarbonate solution, on acidification 
in the cold, slowly deposited a solid in the crystalline condition. It 
melts at 143-44® with sudden effervescence and the residue which 
quickly solidified, melts at 178®. It thus proves te be identical with 
the jS-naphthacoumarinic acid (/?-2-hydroxy-l-naphthylerotonic 
acidj, m.p. 146® (described by Dey, loc. cit., 1630). 

Condensation of the impure (uncrystallised) coumarin obtained 
from f3-naphthol and ethyl aceioacetate with benzaldehyde . — The 
same conditions as those employed in the previous cases were 
observed. The mixture changed colour in precisely the same man- 
ner as that noticed with the chromone, and on standing for an hour, 
the characteristic needles of the styrene separated out almost com- 
pletely. 4G. of the crude coumarin gave nearly 0’8 g. of the pure 
styrene derivative, m.p. 198®, 

The investigation is in progress. 

PEESIDKNCr CoiiEOK, • 
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Studies in the Coagulation of Colloids from the Stand- 
point of Smoluchowski’s Theory. Part III. 
Coagulation of Arsenious Sulphide 
Sol by Sulphuric Acid Solutions. 

By Shridhar Sarvottam Joshi and Gurudas Kamchandra 

Phansalkar. 

It was found in Part II (»/. Indian Chcm. Sac., 1931, 8, 337) 
that in the slow coagulations of the arsenious sulphide sol, using 
, dilute sulphuric acid solutions, the diminution of /?, the Smolu- 
chowski's constant occurred mainly during the early stages of coagu- 
lation. As this conclusion is contrary to the results of some 
workers (loc, cit,) it has been examined here in more detail. 

Experimental. 

• 

The experimental procedure, the method of preparing the sol, 
of measuring (a) and (a — ac), the colloid content at the beginning, 
and at a time i after the start of coagulation respectively, were 
the same as in Part II. The results in Tables I — III and in Fig. 1 
refer to coagulations at 18® and 60® for different colloids and electro- 
lyte concentrations. ^3, and k the bimolecular constant, were calcu- 
lated from (3=1 /t^ k= Y * respectively. 

The results under tables relate the observed influence 

of temperature on (3, with that deduced from Smoluphowski’s theory* 
{vide infra). Curves in Fig. 2 indicate the variation of (3 during 
coagulation in different experiments deduced from data in the tables 
and Fig. 1. 

Discussion, 

• 

The results show that the rate of coagulation is increased by 
increasing the temperature. This is contrary to the observations of 
Ltnder and Picton (J. Chcm, Soc.y 1905, 87, 1906) on the coagula- 
tion of the arseniou9*suiphide sol by dilute sulphuric acid at 13® and 

7 
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Fig. 1. 



Thne in min. 

Curves <7,c' cf. Table I. 

6.6' II. 

a, a' , III. 

70®. They found that the coagulating concentration was greater at 
the higher temperature. No definite details as regards the colloid 
and coagulator concentration as used by them are available. It 
would appear> however, that the result is not above criticism, since 
the degree of coagulation was measured by an indirect turbidity 
method. 

In agreement with previous results the coagulation — time curves 
in Fig, 1 show that the process cannot be regarded as autocatalytic, 
although no special precaiitions were taken to prevent the formation 

of any coagulation nuclei in the system by stirring etc. 

c> 
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: 

These results also show that the influence of temperature in 
increasing the rate of coagulation depends on the colloid concentra- 
tion (c/. curves, a, a' and Fig. 1) when that of the coagulator is 
constant. That the last quantity is also a determinant of the tern* 
perature influence on coagulation is apparent from curves, 6,6', Fig. 1. 
This departs markedly from those, characteristic of molecular chemi- 
cal reactions, and also from the simple mechanism of the coagula- 
tion process contemplated in Smoluchowski's theory {Z. Phya. 
Chem,, 1917, 92, 129). According to this theory ^ at two tempera- 

i m 1 m • • 1 4 Vo j ^ , 

tures Ti, and T,, is given by o and ~ where v. 

^ O iV Q 1 O t] ^ 

and tj^ are the viscosities of the medium corresponding to and 
respectively* It must be pointed out here, that in deriving the 
above equation it has been tacitly assumed that temperature has no 
^influence on o factor which denotes the probability of coalescence 
between two colloid particles in the coagulating soL 

It is well known that different coagulators do not alter the coagu- 
lation rate to approximately the same extent, or even always in the 
same direction, as the temperature is increased. The above equa- 
tion, tiowever, implies that the temperature coefficient of /3 depends 
only on the viscosity and the temperature of the medium, and is 
therefore independent of the nature both of the coagulator and of 
the colloid. The observed departure from Smoluchowski’s theory 
as regarding the temperature influence can be explained therefore 
by considering e, as determined mainly by the ionic adsorption, and 
therefore a function of the nature of the colloid and of the coagula- 
tor ; 9 is therefore variable with temperature (o/. Part I. J. Indian 
Chem. Soc., 1931, 8, 11). The results under k and jS show that con- 
trary to the requirements of Smoluchowski's theory, and in agree- 
ment with general results on slow coagulation, these quantities • 
diminish during coagulation. 

The diminution of /i during coagulation wbuld appear to be main- 
ly due to diminution of e*. As there is not mucli information in the 
literature on this point, it is interesting to see that the time varia- 
tion of jS in all the coagulatiotfs studied is characterised by regulajr 
curves, A, A', B,B'. G,C', in Fig. 2, It is seen from these data and 
in agreement with previous results (Part II. loo, cit.) that the 
diminution of is appreciably greater during the earlier stages of 
coagulation than later, • 
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Fia. 2. 
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Explosion of Oxy-hydrogen Mixtures in Soap Bubbles. 

By Anath Nath Mitra, Harkndra Nath Chatterjee, and 
Hemendra Kumar Sen. 

The ignition temperature of inflammable gas mixtures has been 
determined in various ways, c\g.y (0 by enclosing or passing the gas 
nffixture into a heated vessel ; («*) by direct contact with a hot sur- 
face at any point of the inflammable mixture ; (Hi) igniting by adi- 
abatic compression ; (w) by an electric spark. 

In (n) and {iv) almost instantaneous ignition is secureti, while in 
the other methods a time-lag is present. To secure instantaneous ig- 
nition, soap bubbles full of inflammable gas mixtures were ignited by 
McDavid (J. Chern. Soo., 1917, HI, lOOB) by touching these bubbles 
with a hot surface. The divergence in the results obtained by diffe- 
rent authors is to be referred to the different methods adopted to cause 
igniflon. The irreproducibility of McDavid ’s figures using different 
sources of ignition indicates the futility of attempts to establish 
ignition temperatures, as a physical constant, unless under similarly 
maintained conditions. The maintenance of exactly similar condi- 
tions in the ignition of gaseous mixtures, is hardly feasible in practi- 
cal problems of mine explosions, and other similar accidents. The 
stationary method of ignition is of considerable practical importance, 
but t^e determination of the lowest ignition temperature under such 
circumstances is of still greater consequence. 

In the present paper we have determined the effect of the volume 
of soap bubbles on their ignition temperatures. The ignition was* 
effected by touching the soap bubbles either by an ^electrically heated 
platinum point formed by bending a wire at^an acute angle, or by a 
platinum spiral (Chatterjee and Sen, J. Indian, Chem, Soc., 1929, 6, 
441). We have, further, investigated the effect of th^ length of 
the platinum wire on the igjjition temperature. By varying the plati- 
num wires ojr using the same wire after roughening it by gentTy 
filing, or platinising it, or poisoning it by sulphuretted hydrogen we 
b&rve come to the conclusion that this method of finding the ignition 
temperature of an inflammable gas mixture in soap bubbles is unreli- 
able on account of the catalytic effect of the wires. 
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Tlj^e temperature of the point or the spiral of platinum wire was 
determined by reference to a curve plotted with the currents neces- 
sary to melli known substances against their respective melting points 
when they are placed on the platinum point or spiral. The plati- 
num point or spiral is enclosed on all sides except the front by a 
card board box. The working room has an asbestos ceiling and the 
doors and windows are kept closed thereby minimising air-currents 
during the experiment. Each day, however, fresh calibrations were 
made, although it was found possible to work several days with the 
same calibration if the wire was not changed, or the atmospheric 
condition did not change considerably. , 

In order to ensure reproducibility of results, the volume of the 
soap bubble had to be kept the same. For this, a special apparatus 
was deviaod (vuZo, supra) which enabled us to secure Identical volumes 
and to vary the volumes of the soap bubbles as desired. 

The heating current was measured accurately with a standard 
resistance and a standard cell by the potentiometric method. A set 
of secondary batteries was used for heating the platinum wire. The 
volume of the bubbles was controlled by the apparatus (Fig, 1) des- 
cribed below : 

Fig. 1. 
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A IBB, 64itre aspirator and V a graduated tube holding 1 litre. 
The whole apparatus is first filled with water and gas is then admit* 
ted through d until most of the water is displaced, the thistle-funnel 
F being temporarily removed. In order to blow a bubble, e is closed, 
b and d are opened with the mouth of F just on the surface of the 
soap solution and water is run from T to a given mark on F, a serv- 
ing to regulate the flow, and the excess gas being allowed to escape. 
F is then removed from the solution with a film over its end and a 
bubble of required size blown by admitting the corresponding quan- 
tity of water into F. When all the gas in Fhas been used, a further 
8uift)ly is admitted from the aspirator by opening c, 

A bottle was filled to about three fourths of its capacity with dis- 
tilled water. One volume of glycerine was added to 3 volumes of a 
p.c. sodium oleatc solution, shaken vigorously and kept in the 
dark for a week. In making large bubbles, sodium oleate weighing 
about one twentieth of the water taken was found more suitable. 

With variations in the oxygen hydrogen ratio, the formation 
of hydrogen peroxide and ozone was indicated. An approximate 
yield of hydrogen peroxide and ozone (neglecting the catalytic 
effect ^f tho vessel itself in destroying them) was obtained as 
follows : — A steel cylinder of an internal diameter Ij" and a foot long 
was capped at both ends by reducing sockets, one having an insulated 
platinum wire introduced for the purpose of supplying the heating 
source. Both ends had stopcocks and lead outs and the apparatus 
was tested for gas tightness before the inflammable mixture was 
exploded in it. The explosion vessel was first filled with water and 
then the gas mixture was introduced by displacement of water. After 
explosion, the stopcock at one end was opened, keeping the end 
dipped into a solution of potassium iodide. The solution was well- 
shaken in the explosion tube, run out into a beaker, the explosion » 
vessel was repeatedly washed with water, and the whole solution 
titrated by means of a N-lOO sodium thiosulphate solution. 315 C.c. 
of a gas mixture having equal volumes of hydrogen and oxygen in it, 
corresponded to O’S to 0’4 c.c. of N/lOO thiosulphate solutlbn. The 
nlixture containing one volume of hydrogen an d half a volume of 
oxygen similarly exploded, oilriously liberated no iodine, although'* 
traces of both hydrogen peroxide and ozone were obtained in thef ex* 
plosion of the same mixture in soap bubbles. 

The formation of hydjrogen peroxide and ozone in soap bubble 
explosions was deteo^ted by introducing test papers into the 

8 
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stem of the thistle funnels or by interposing the corresponding 
test solution in the system. The reagents used for the purpose 
were an alcoholic solution of tetramethyldi-p-diaminodiphenyl 
methane (a name abbreviated to tetramethyl base), and a solution 
containing a mixture of ferric chloride and potassium ferricyanide 
(Arnold and Mentzel, Ber., 1902, SS, 1324 ; Kaiser and McMaster 
Amer, Chem, J., 1908, 89, 96). Oxy-hydrogen mixtures in the 
ratio of 8:2 or 7:3 gave no teat for hydrogen peroxide or ozone. 
In 8 :2, 2:1, and 1 :1 mixtures both ozone and hydrogen peroxide are 
present in increasing quantities when such mixtures are exploded. 
This shows the formation of ozone when hydrogen is burnt which is 
ascribed to wrong observation by some. 

Although under strictly identical conditions, reproducible ignition 
temperatures are obtainable by this method, the temperature depends* 
on the length and shape of the wire and varies considerably , amount- 
ing from 200® to 300® at times. With platinum, the surface seems to 
affect the temperature ; thus a 5" wire which had been in use for 
over a year, could ignite large soap bubbles at a constant tempera- 
ture of 618®, whilst a new 6" wire ignited bubbles of identical size 
at the constant temperature of 355®. The catalytic nature of the 
surface is rendered further evident when the surface of the wire is 
roughened by rubbing with emery paper, or dipped in platinic 
chloride solution and ignited afterwards by passing a strong 
current. In both cases, there is a distinct drop in the ignition 
temperaturej 

Gas mixture (Hg :Og)=l ;1. Vol. of the bubble = 40,c.c. 


Exp. I. 



Exp. n. 


Angle. Length. 

Temp. 

' Angle. 

Length. 

Temp 

New wire 80® 2" 

670 

60® 


664® 

Bongbened wire ,, 

538® 

•f 

99 

646'' 

Platinised wire ,, ,, 

600* 

99 

19 

627® 


It was found that the ignition temperature of small bubbles was 
'greater than that of larger bubbles but as the volume increases 
further, the ignition temperature approaches a constant value 
as may be seen from Fig. 2. This is important both from .the 
theoretical as also from the practical points of view. It would appear 
that approximately i500 c.c. is the critical volume at or beyond which 
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Fig. 2. 



Temperature. 


there is no change in the ignition temperature for the same ignition 
source under any particular set of conditions. A perceptible lag is 
noticed in the experiments with larger bubbles. This may be 
compared to the stationary stage of a chain reaction, whilst the 
explosion to the non-stationary stage (Hinshelwood, Proc, Roy, Soc,, 
1929, A, 122, 610). In ordinary language, one could say that* 
the catalytic reaction initiated in the preflame period, being exother- 
mic, affords sufficient heat to accelerate the ^chemical reaction to the 
stage of explosion, the large size of the bubble ioaparting to it a more 
insulated condition and hence a lowered ignition temperature. An 
alternative explanation, both as regards the constancy of ignition 
temperature as also its lowering, may be found in the reduce 
thickness of the soap film with increase in the size of the bubbles. As 
this wduld mean virtually the non-existence of any dividing septum 
between the gas volume and the source of ignition, a uniform ignition 
temperature is to be expected. This does not explain the remarkably 
I 
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low temperature of ignition, for which we have to depend upon the 
preflame period or the generally insulated nature of the soap bubbles 
when they are large. In fact, to these conditions must be added 
also the catalytic behaviour of the wires themsel\ es. 

Experimental. 

(1) Coil on "silica strip. Length of pt. wire, 6". Vol. of the 
gas mixture, 85 c.c. 

Comp, of gas mixture (H :'0) 7 :3 2 ;1 3 :2 1 ;1 2 :3. 

Temp. 712* 708“ 720“ 760“ 782“. 

(2) Coil on mica strip. Length of pt. wire, 6". Vol. of the gas 
mixture, 35 c.c. 

Comp, of gas mixture (H : O) 9 :1 8 :2 7 :3 2:1 3 :2 1 :1 2 :3. 

Temp. 747“ 743“ 750“ 754“ 757“ 758“ 7G5“ 

(8) Point source. Angle of the point 30° (approx.). Vol. of the 
gas mixture, 35 c.c. Length of the pt. wire, 6", 

Comp, of gas mixture (H : O) 7 :3 2 :1 3 :2 1:1 2 :3. 

Temp. 627“ 616“ 568“ 605“ 016“. 

(4) Point source. Angle at the point 90° (approx.), Vol. of the 
gas bubble, 35 c.c. Length of the pt, wire, 6". 

Comp, of gas mixture (H :0) 7 : 3 2:1 3:2 1:1 2:3 

Temp. 665“ 042“ 028“ 607“ 609“ 

('6) Point source. Angle 120° (approx.) Length of the platinum 
wire, 6", Volume of the gas bubble, 86 c.c. 

Comp, of gas mixture (H : 0} 3:2 1:1 2:3 3:7 

Temp. 660“ 647“ 639“ 726“ 

(6) Point source. Angle at the point, 90°. Length of the plati- 
num wire (new) 2i^^ In this experiment, the results of which 
are shown in Fig. 2 (curve 8) the change of the ignition tempera- 
ture with the change of volume of the soap bubble was investigated, 
the composition of the gas mixture being as 1 : 1 of hydrogen and 
oxygen. 
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(7) Point source. Angle 90®. Length of the platinum wire 
(new), Volume of the gas bubble, 35*0 c.c. Composition of 

the mixture, 1 : 1. Ignition temperature 538®. The influence of 
the length of the wire is very clear from the above data, as with a 
wire (Expt. 8) for the same composition and volume, the ignition 
temperature was only 465®. 

(8) Coil on silica strip. Length of platinum wire 9". With a 
1 ; 1 mixture of hydrogen and oxygen, ignition temperatures, 775®, 
701®, 668®, 656® were obtained for volumes 35, 150, 250 and 350 c.c. 
respectively. 

(9) Coil on silica strip. Length of the wire, 5". Composition 
of the gas mixture 1:1, The resuls of this experiment are shown 
in Fig 2 (curve 11). 

(10) Coil on silica strip. Length cf the platinum wire, 6^', but 
the wire was new. The composition of the gas mixture, ^e same as 
before, i.c., 1 : 1. Fig. 2 (curve 12). 

(11) Point source. Angle 30® approx. Length of the platinum 
wire (new), 0^'. Composition of the gas mixture 1; 1. Fig, 2 
(curve 18). 

j'rom Fig. 2, the attaining of a constant ignition temperature after 
the bubble has reached a volume of about 600 c,c. is seen. 

Reproducibility of results is evident from the following experi- 
ments. 

1. (a) Point source, angle 80®, 6" pt. wire, 0*2mm. diam, 

(b) 150 c.c. bubble exploded at 551®. 

(c) After two months with same wire and 30® angle, 160 c.c. 
bubble exploded at 650®. 

2* (a) 2J" wire, diam. 0*2mm., point source, angle 90®. 100 c.c. 
bubble exploded at 318®. 

(6) 2|" wire taken from the same reel as (a) with point source, 

angle 90® exploded at 320®. • 


Summary. 

The results recorded in this paper and the previous one (Sen and 
Chatterjee, J. Indian Chem. 8oc., 1929, 6, 441) enable us to judge 
the reliability of the presejjjLt method for determining the ignition 
point of inflammable gas mixtures. There can be no doubt that with 
the satne arrangement the ignition temperature is sharp and 
entirely reproducible^ Increment in the volume of the soap bubbles 
containing the inflamfliable mixtures, lowers the ignition point 
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up to a volume of iSOO c.c. ; the ignition point remaining constant 
with larger volumes, a slight lag in the explosion being noticed. The 
influence of the composition is not so marked. The most important 
factor is the nature of the platinum surface. Experiments are, how- 
ever, in progress to see if any additional information on this point is 
available. There is an important aspect of explosion which has been 
brought about by these experiments : the lowest ignition temperature 
is influenced by catalysis so considerably that the commonly accepted 
values of ignition temperatures of inflammable gas mixtures offer no 
indication of safety in technical accidents, where catalysing sources 
are frequent. Then the question of preflame period is important^s 
at considerably lower temperatures ignitions have been initiated 
through protracted warming. Incidentally, the production of H2O2 
and O3 ii^ hydrogen oxygen explosions and a few conditions of their 
production have been investigated. 
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Elektoophorese, Elektroosmose, Elektrodialyse in Flussigkelten 

by H. Prausnitz, Dr.-Ing-in Jena, and J. Beits totter, Dipl.-Ing., 
Dr. Phil., Dr. Techn. Published by Theodor Steinkopff, Dresden 
and Leipzig. Band XXIV. Eoyl 8vo., 807 pp. 

This book constitutes the twenty fourth volume of the well- 
known series of publications edited by Dr. Baphael Ed. Liesegang, 
Frankfurt, a. M. The authors have very admirably collected an 
enormous amount of useful information which will be of advantage 
to students and specially to advanced workers on the subject. A 
special feature of the book is the information about Patent Litera- 
tufe and the industrial aspects of this rapidly developing branch of 
science. If the authors have not entered into a critical discussion 
of the theoretical aspects this is to be ascribed to the contradictory 
, points of view characteristic of a subject in a formative stage of 
development. They have attempted to represent the different 
points of view as far as that is possible within the scope outlined 
for the book. The writer hopes that the book will be found useful. 

J. N.M. 

Official and Tentative Methods of Analysis of the Association of 
Official Agricultural Chemists. — Third Edition, 1930. 

This edition is issued about six years after the publication of the 
second edition. There have been considerable additions, alterations 
and rearrangement of data in the new edition. The subject matter 
is broadly grounded into two divisions, non-foods e,g.y soils, fertili- 
zers, liming materials, etc., and foods c.g,y baking powders, bever- 
ages, cereal products etc. A number of alternative methods of 
analysis are given on each subject and the technique of these ana- 
lysis is brought up-to-date. A few new chapters have been added, 
dealing with caustic poisons, naval stores, paints, radio activity, 
eggs and egg products. Several related chapters have been com- 
bined into one so as to effect a certain amount of condensation in 
the text ejj.y the chapter on coffee has been combined with that 
on tea, gelatine with meat and meat products etc. • 

To those who are familiar with the first and the second editions 
the new edition will be a valuable supplement. As regards the 
general usefulness of a book of this kind it will suffice to say that 
for tho&e engaged in analytical and research work in Agricultural 
chemistry, the new edition as a laboratory hand book is indispen- 
sible. 


J. C. G. 
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Studies on Reimer-Tiemann Reaction. 

By Eajendra Nath Sen and Sdsil Kumar Bay. 

A Bystematio investigation ol the Beimer-Tiemann reaction des- 
cribed in this communication, wherein the influence of the nature 
and position of substituents has been studied, has revealed that when 
chloroform (or carbon tetrachloride) is mixed with alcohol (1 : 3) the 
yield of the aldehyde (or the acid) is increased. It has alan been 
fcAind that in some cases where the sodium salt of the phenol is 
sparingly soluble e.g., in the cases of o-bromophenol and 2-hydroxy- 
anthraquinone, the addition of a little pyridine to the alkali solution 
greatly helps the reaction, but however, the nitrophenols are not 
helped to an appreciable extent by this. It is interesting to note 
that aqueous pyridine may entirely replace alkali hydroxide solution; 
from phenol, salioylaldehyde being formed in this way in an .yield fn 
10 per cent, whilst p-hydroxybenzaldehyde is not produced at all. 

When Beimer-Tiemann’s reaction is applied to o-coumaric acid, 
the entrant aldebydo-group attacks the fara position only. Similar 
results are obtained also with 8-bydroxyquinoline where the para 
derivative is formed (80 per cent.) to a greater extent than the oriho 
(16 per cent.). o-Nitro- and bromophenols are converted into the cor- 
responding aldehydes much better than the para analogues. Simi- 
larly o-bromophenol gives a better yield of the acid than the para 
compound with carbon tetrachloride. 

The influence of negative substituents (NO2, Cl, Br ^nd SO3H) on 
the reaction is to inhibit the reaction as is to be expected, the nitro 
group exerting the maximum effect. This may also be partly due to 
the very sparing solubility of the alkali salts of nitrophenols and also 
to the specific inhibiting action of the nitro group, because negative 
groups like COOH (c/. aldehydosalicylic acid, yield 27 per cent., 
Wayne and Cohen, J. Ohem. 9oe., 1922, 121, 1022), SO3H (c/. 
aldehydopl^enol sulphonic acid, yield 21 per cent., vide infra) alone do 
not supress the reaction to a very great extent. 

The reaction has beeif siyscessfully applied to thiophenol (yield 
per cent., thiosalioyliy acid with carbon tetrachloride), 2-hydroxy- 
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anthraquinone (yield 25 per cent, of the ortfeo-aldehyde), S-hydroxy- 
quinoline (yield 16 per cent, of ortho and 30 per cent, para aldehydes) 
and to thymol which gives 17 per cent, of ortho-and 11 per cent, of 
para-aldehydes. 

The new aldehydes described in this paper condense to give inter- 
esting dyes which will be described subseqently. 

Experimental. 

Salicylaldehyde and p-hydroxybcnzaldehyde . — When a mixture of 
phenol (50 g.). chloroform (50 c.c.) and alcohol (150 c.c.) was stL'red 
into a solution of sodium hydroxide (100 g. in 160 c.c. water) at 60° 
for 4 hours, gave 18 g. of salicylaldehyde and 3*6 g. of p-hydroxy- 
benzaldehyde, after working up in the usual way. 

A mixture of chloroform (15 c.c.) and alcohol (45 c.c.) and a solu- 
tion of phenol (15 g.) in aqueous pyridine (50 g. in 30 c.c. water) 
when heated at 100° for 30 hours gave 2 g, of salicylaldehyde. 

Salicylic acid and p-hydroxyhenzoic acid , — By heating phenol (50 
g.) carbon tetrachloride (85 g.), alcohol (200 c.c.) and caustic soda 
solution (110 g. in 176 g. water) for 36 hours, 7*3 g. of salicylic acid 
and 2 g. of p-hydroxybenzoic acid were formed. The yield was only 
6 p.c. without using alcohol. 

3-NitrosalicyIaldehyde , — A solution of nitrophenol (50 g.), chloro- 
form (36 c.c.) and alcohol (120 c.c.) was added drop by drop to 
caustic soda solution (62 g. in 100 c.c. water and heated on a water- 
bath for 8 hours. The^brownish mass separated on acidification with 
hydrochloric acid, was washed with water and finally crystallised 
from alcohol, m.p. 100°, yield 5*4 g. It was found identical 
with the compound prepared by nitration of salicylaldehyde (Miller, 
Bar., 1887, 20, 1928). (Found: N, 8*42. C 7 H 5 O 4 N requires N, 
8*38 per cent.). It forms a monoacetyl derivative (m.p. 150°) 
identical with the acetyl derivative of 3-nitrosalicylaldehyde of 
Miller (Zoc. cit.), 

2-NitroA-'hydroxybenzaldchyde was prepared from 3-nitrophenol 
exactly as in the previous case. The aldehyde was separated by 
dissolving in hot benzene, in which it is more soluble than 8 -nitro- 
phenol. It was finally crystallised from water, m.p. 67°, yield 
1*2 g. from 50 g. of m-nitrophenol. It was found identical with, the 
aldehyde and its phenylhydrazone (m.p. 189°) prepared by Sachs and 
JKantorowioz (Bar., 1906, 89, 2754). 
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S^^NHrosalicylaldehyde was prepared from p nitrophenol, and 
purified through the bisulphite compound, the yield being 8 g. from 
30 g, of p-nitrophenoL It was found identical with the aldehyde 
prepared by Miller {loc, cit,), 

S-Bromosalicylaldehydc and S-bromo-p-hydroxybensialdehyde 
wore prepared from o-bromophenol (25 g.) chloroform (15 c.c.), alco- 
hol (50 c.c.) and sodium hydroxide solution (27*5 g. in 50 c.c. water). 
The temperature was kept at 50-60® initially for 3 hours and the 
mixture was then heated on the boiling water-bath for 6 hours. The 
thick red oil, separating on acidification, was distilled in steam and 
the £)-aIdefayde crystallised from dilute alcohol in pale yellow crys- 
tals, m.p. 52®, identical with the aldehyde prepared by Miiller {Ber.t 
1909, 42 , 695) by reduction of 3-nitrosalicyiaIdehyde and then by 
diazo-reaction. Yield 3*8 g. The aldehyde forms a semicarbazone 
•(m.p. 266®) identical with the semicarbazone of the aldehyde pre- 
pared by Miiller. 

The mother-liquor from which the o-compound had been removed, 
was treated several times with boiling water to extract the p-alde- 
hyde. The aqueous extract on cooling, deposited colourless crystals 
of 3-jjromo*P‘hydroxybenzaldchyde, which was further crystallised 
from chloroform, m.p. 124°, yield 1 g. It w^as found identical 
with the aldehyde prepared by bromination of salicylaldehyde 
(Hantzsoh and Mai, Ber.t 1895, 28, 2469). 

The semicarbazone crystallised from alcohol in almost colourless 
needles, m.p. 195-90®. (Found :N, 16*45. CgH80.2N3 Br requires 
N, 16*28 per cent.). 

If in the above reaction pyridine (15 c.c.) be added to the alkali, 
the yi&Ids of the o-and p-aldehydes increase to 5 g, and 1*5 g. 
respectively. 

5'Bromosalicylaldchyde was prepared from 5-bromophenol and 
purified through the bisulphite compound, m.p. lCi4®, yield 2*5 g. 
It was found identical with the compound prepared by bromi- 
nation of salicylaldehyde (Henry, Ber., 1869, * 2 , 275; ibid., 1889, 22 , 
1135; Auwers and Walker, ibid., 1898, 31 , 3042;*Auwers arid Burger, 
ibid., 1904, 37 , 3934). 

The semicarbazone crystallised from alcohol in colourless needles 
decomposing at 297®. (Fo3nd: N, 16*6. C8H802N3Br requires 
N, 16*3,per cent.). 

•8-Bromo- and 5 -bro mo salicylic acids were prepared from o- 
and p-bromophenols^ respectively. A mixture of o-brbmophenol 
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(2-5 g.)i carbon tetraobloride (17 o.o.)> alcohol (50 o.c.) and caustic 
soda solution (86*5 g. in 78 g. water) was heated for 12 hours on the 
water-bath. The acids were isolated from their barium salts by 
acidification. 

B-BTomoaalioylio acid was found identical with the compound pre- 
pared from 8-bromo-5-aminosalioylio acid (Lellmann and Orothmann, 
Ber., 1884, 17. 2715); it crystallises from 50 per cent, methyl aloohol, 
m.p. 184”, yield 0*5 g. The barium salt crystallises in red prisms 
from hot water (c/. Meldrum and Shah, J. Chem. Soo., 1923, 123, 
1986), [Found: Ba, 21-68; HgO, 912. (C 7 H 403 Br) 2 Ba, 3H,0 
requires Ba, 21-99; BEgO, 8*66 per cent.]. 

6-Bromoaalicylic acid crystallises from boiling water, m.p. 164- 
65”, yield 0*3 g. It was found identical with the compound prepared 
by the action of phosphorus tribromide on salicylic acid (Henry, loc. 
cii.’f Hand, Annalen, 1886, 234, 133; 1893, 273, 122). (Found: Br, 
36-97. C 7 H 503 Br requires Br, 36-8 per cent.). 

S-Chlorosalicylaldehyde was prepared from p-chlorophenol as in 
the preparation of S-bromosalicyialdehyde. It was purified through 
the bisulphite derivative and found identical with the compound 
prepared from salicylaldebyde (Biltz and Stept, Bcr., 1904, 37, 
4024; Piria, Annalen, 1851, 80, 196), m.p. 99-5”, yield 0'9 g. from 
25 g. phenol. The semicarbazone melts at 286-67* and was found 
identical with the semicarbazone of the aldehyde prepared by Biltz 
and Stept. {loc. cit,). 

S-ChioroaalicyUc acid, identical with the compound prepared 
by Beilstein {Ber., 1875, 8, 816) was prepared from p-chlorophenol 
(25 g.) carbon tetrachloride (200 o.c.) and caustic soda solution (45 g. 
in 90 0 . 0 . water). The acid crystallises from hot water, m.p. 167*5”, 
yield 0*2 g. 

l-Aldehydo-2-hydroxyb6ngenc-B-eulphonic acid was prepared from 
phenol-o-sulphonic acid (10 g.) chloroform (10 o.c.), alcohol (35 c.c.) 
and caustic soda solution (20 g. in 32 o.c. water). The aldehyde 
orystfdlises from hot water in golden yellow needles. It is soluble 
in hot water, sparingly soluble in alcohol, insoluble in ether, chloro- 
form acetone and benzene; it does not melt below 250”. (Found: S, 
'16*00. OjHeOs S requires, S, 15*84 per cent.). 

S-Aldehydo-o-Coutnaric acid, CHO*OeH 3 *OH (CH;OH*COOH) 
(5:2:1). — solution of o-coumaric acid (15 g.) and cUlorofonn 
(14*5 g.) in alcohol (30 c.c.) was added to a solution of caustic soda 
(28 g. in 80 0.0. water) as in the preparation of 3-bromosalicylalde- 
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hyde, but the heating was continued for 12 hours. The brick-red 
powder, separated on acidification, was filtered hot. The aldehyde 
separated from the filter on cooling, and was crystallised from dilute 
alcohol in pale yellow microcrystalline needles, m.p. 220° (de> 
comp.), yield 1‘8 g. It is described identical with the aldehyde by 
Sen and Chakravarti {J, Indian Chem. Soe., 1930, 7, 240). (Found; 
C, 62*41 ; H, 4*20. C,oH804 requires 0, 62*50 ; H, 4*16 per cent.). 

The silver salt was prepared in the usual way as yellow 
powder. (Found: Ag, 36*3. CioH704Ag requires Ag, 36*1 per cent.). 

The phenylhydrazone, prepared in the usual way, crystallised 
Irom dilute acetic acid as a yellow microcrystalline powder, m.p 
236° (decomp.). (Found: N, 10*22. Gi(}Hi403N requires N, 9*92 per 
cent.). 

The semicarhazone prepared in the usual way. crystallised from 
dilute alcohol in almost colourless microcrystalline powder, m.p. 
276°. (Found: N, 16*7. C11HJ1O4N3 requires N, 16*66 per cent.). 

G-Aldehydocoumarin. — 5-Aldehydo-o-coumaric acid (2 g.) was dis- 
solved in the least quantity of concent rated sulphuric acid and heated 
on the water-bath for 2 hours. When poured into water, it deposited 
a bfttwn mass, which was filtered, treated with sodium carbonate solu- 
tion to remove the unchanged 6-aldehydo-o-coumaric acid. It crys- 
tallised from alcohol, m.p. 187-89°. It was found identical with 
the aldehyde prepared by Stoermer and Oetker (Ber., 1904, 87, 192) 
and Sen and Chakravarti (J. Amer. Chem. 80c., 1926, 80, 2428). 

6-Carboxyl-o-coumaiic acid, COOH'CcHs'OH (CH:CH*COOH) 
(5:2 :1). — o-Coumaric acid (15 g.) and carbon tetrachloride (17 g.) dis- 
solve^ in alcohol (35 c.c.) was added drop by drop to caustic soda solu- 
tion (26*6 g. in 42*5 g. water) and the solution heated on the water-bath 
for 20 hours with vigorous stirring. The separation of the dicarboxy- 
lic acid was effected as in the case of 5-aldehydo-o-ooumaric acid. It 
crystallised from alcohol in pale yellow needles, decomposing at 186° 
and finally melting at 210°, yield 0*5 g. It ip soluble in hot water, hot 
alcohol, and acetone ; sparingly soluble in cold, alcohol ; insoluble in 
ether, chloroform and benzene. It gives reddish colour *with ferric 
chloride. 

Di-silver salt was prepared in the usual way from ammonium stdt 
as yellow powder. (Found : Ag, 51*28. Ci0H3O5Ag2 requires Ag, 
51*18 i>er cent.). 

2‘M6thyl-5-i8oprQpyl-&-hydroxyb6nzald6hyde.-—A solution of thy- 
mol (16 g.) and chloroform (16 g.) in alcohol (90 c.c.) wstsj^ded drop 
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by drop to caustic soda solutioa (20*6 g. in 38 o.c. water) and tha 
vv hoJe heated on the water-bath to W to start the reaction* The stir- 
ring w&a continued for 5 hours at the room temperature. Tho deep red 
oil, separating on acidification, was submitted to distillation with 
steam when the o*compoimd separated as a pale yellow oil. This was 
taken up with ether and purified through the bisulphite compound, 
b. p. 233^, yield 3 g. It is insoluble in water and soluble 
in alooboh ether, chloroform and petroleum ether ; gives 

an intense violet coloration with ferric chloride. (Found: C, 74*00 ; 
H, 8*01. C1XH14O2 requires C, 74*15 ; H, 7*86 per cent.). 

The semicarbasonc, prepared in the usual way crystallised from 
alcohol as colourless tiny needles, m.p. 242°, (Found: N, 18*10, 
0x201 7O2N3 requires N, 17*86 per cent.). 

6- Meihi^-3‘isopTopyl-4-hydroxybenzal(1ehyde , — After the removal 
of o-aldehyde with steam, the non-volatile p-compound remained as a 
brownish-red substance. The aqueous portion was filtered hot, the 
residue dissolved in caustic soda and precipitated by neutralising with 
acetic acid. The process was repeated four or five times. The alde- 
hyde was crystallised from dilute alcohol in brownish needles, m.p. 
lOS-lO'^, yield 2 g. It is insoluble in water and petroleum ether ; 
easily soluble in alcohol, ether and chloroform ; it gives no colora- 
tion with ferric chloride. (Found: C, 73*77 ; H, 8*21. C11H14O2 
requires 0, 74*15 ; H, 7*85 per cent.). 

The SGmicarhazonc crystallised from alcohol as pale yellow 
needles, m.p. 191°. (Found: N, 18 03. C j 201 yOgNjj requires N, 
17*86 per cent.). 

7- AldehydO‘8-hydroxyquinoline , — A mixture of 8-hydroxyquinoline 
(15 g.), chloroform (14 g.), alcohol (60 c.c.) and sodium hydroxide solu- 
tion (16*6 g. in 28 c.c. water) was heated at 100° for 12 hours. Alcohol 
and the excess of chloroform were driven off. The solution was made 
just acidic with hydrochloric acid when a brick-red powder separated 
which was washed first with ether to remove the unchanged hy- 
droxyquinoline and then with chloroform. The chloroform solution 
furnished the 7-aldehydo-8-hydroxyquinoline which crystallised from 
a mixture of chloroform and alcohol in reddish microcrystalline 
pewder melting above 250°, yield 3 g. It is insoluble in water, 
alcohol, acetone^ carbon tetrachloride and benzene ; easily soluble in 
chloroform, pyridine, quinoline, and acetic acid ; it gives a greenish 
yellow coloration with ferric chloride. (Found : N, 8*16. C1O07O2N 
requires N, 8*09 per cent.). 
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5- Aldehydo-S-hydroxy quinoline . — ^The residue left after removal 
of the ortfto-compound with chloroform crystallised from boiling 
quinoline as brownish powder, melting above 260°, yield 5 5 g. It is 
insoluble in water, ether, chloroform, carbon tetrachloride, acetone, 
benzene and alcohol ; soluble with difficulty in nitrobenzene and qui- 
noline ; easily soluble in acetic acid and pyridine ; gives no coloration 
with ferric chloride. (Found : N, 8*22, CJQH 7 O 2 N requires N, 8 09 
per cent.). 

l-Aldehydo-2-hydroxyanthTaquinoiic . — A solution of 2-hydroxy- 
anthraquinone (10 g.) and chloroform (10 c.c.) in alcohol (60c.c.) was 
added to caustic soda solution (10 g, in 16 c.c. water) and heated on the 
water-bath for 30 h^urs. The olive-brown mass, separating on acidi- 
fication, was washed with hot water and dried ; the unchanged 2 - 
hydroxyanthraquinone was removed with boiling nitrobenzene ; the 
aldehyde was washed with petroleum ether. It can be crystallised 
from a very large excess of boiling nitrobenzene as yellowish powder 
melting above 300"^, yield 1'8 g. It is insoluble in all ordinary organic 
solvents; soluble with difficulty in boiling carbon disulphide and boil- 
ing nitrobenzene ; easily soluble in pyridine. (Found : C, 71 23 ; H, 
3*1^. CiQHf <04 requires 0, 71*42; H, 3*17 per cent.). 

Thio salicylic acid , — A solution of carbon tetrachloride (11 c.c^) 
in alcohol (30 c.c.) was added to a mixture of thio- 

phenol (14 g. ) and sodium hydroxide solution (23 g. in 33 c.c. water) 
and the mixture heated for 30 hours on the water-bath. On acidifica- 
tion, a little pale yellow mass separated out ; the unchanged thio- 
phenol was distilled off with steam ; the solid residue filtered, washed 
witlk water and crystallised from alcohol, m.p. 163°, yield 0*5 g. It 
was found identical with the compound prepared from o-chloro- 
benzoate and potassium hydrosulphide (D.R.P. 189200). (Found: 

S, 20*92. C 7 H<i 02 S requires S, 20*77 percent,). 
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Condensation of Benzotrichloride with Phenols. 

By Rajendra Nath Sen and Susil Kumar Ray. 


Benzoylphenol or oxybenzophenone was previously obtained by 
Doebner and Stockmann (Ber., 1877, 10, 1969) together with 

phenylbenzoate and benzyolphenol-benzoate by the action ot 
beftizotrichloride on a mixture of phenol and zinc oxide. 

Heiber (Ber., 1891, 24 , 3677) obtained in a very poor yield 
(about 1 p. c.) o-hydroxybenzophenone by heating a mixture of phenol, 
, benzotrichloride and caustic soda. It has now been found that an 
alcoholic solution of benzotrichloride (3:1) reacts more satisfactorily 
with an alkaline solution of phenol at the temperature of the boiling 
water-bath yielding about 5 p. c. orfko-hydroxybenzopbeDODe. The 
nitrophenola appear not to react with benzotrichloride. The naphthols, 
however, react more readily with benzotrichloride. With a-napbtbol 
two i?roduct8 are obtained, one soluble in alkali (yield 4 p.c,), reacts 
with phenylhydrazine and semicarbazide, while the other (yield 16 
p. c.) is insoluble in alkali and does not react with phenylhydrazine 
and semicarbazide. The /3-naphthol compound (yield 20 p. c.) also 
is insoluble in alkali and behaves similarly. 

It is concluded that the compound soluble in alkali is the 
p-hydroxynaphthylphenylketone, while the alkali insoluble products 
are the o-compounds undergoing tautomerisation in the following 


manner, 
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0 
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which explains the insolubility of the compounds in alkalis and also 
their inactiTity towards pbenylbydrazine and semicarbazide, probably 
due to the steric hindrance as suggested by Kehrmann (Ber., 1888, 
21 , 8316 ; 1890, 23 . 3567J. 

It is interesting to note that o-coumaric acid reacts readily with 
benzotrichloride, forming the corresponding ketone, p-ooumaryl- 
phenylketone (yield 80 p. c.). The compound is presumably the 
p-derivative, as the o-substitution product is not ordinarily formed 
in the case of o-coumaric acid* 

Experimental. 

o^Hydroxyhenzophenone,^ A mixture of phenol (30 g.) and 
benzotrichloride (4 g.) dissolved in alcohol (140 c. c.) was added drop 
by drop f o a solution of caustic soda (55 g* in 90 c. c. water) with 
constant stirring. The mixture was heated on the boiling water- 
bath for 8 hours. On acidification a reddish-brown semi-solid mass 
separated out, which was washed several times with hot water. The 
dried mass was next washed with petroleum ether to remove the 
excess of benzotrichloride. It was then dissolved in caustic soda. 
The alkaline solution cooled to 0^ and was then neutralised with 
acetic acid. The yellowish mass was filtered and the process 
repeated several times, until a pale yellow solid was obtained. It 
was finally crystallised from dilute alcohol as pale yellow needles, 
m. p. 41**, yield 3 g. It was found identical with the compound pre- 
pared by Heiber (loc, cit.) in an yield of 3*5 g, from 144 g. of 
phenol. 

The oxime, obtained by the usual method, crystallised in needles, 
m. p. 132-33®. It was found identical with the oxime (m. p. 133®) 
prepared by Heiber (loc. cit). 

0 -& p-Hydroxynaphthylphenylketones , — A solution of a-naphthol 
(10 g.), benzotrichloride (17 g.) and alcohol (40 c. c.) was added to 
a solution of caustic soda (15 g. in 30 c. c. water) as in the prece- 
ding compound. But the temperature was kept between 60-60®, 
The product, separating on acidification, was washed with water 
and then with petroleum ether. It was then treated with ammonia 
to remove the p-compound. The o-compound was crystallised from 
boiling chloroform in brownish microcrystalline powder, m. p. 114®, 
yields 8 g. It is insoluble in water, ether, petroleum ether and 
ammonia ; sparingly soluble in alcohol, chloroform, benzene 
and boiling caustic soda ; easily soluble iL acetone. It gives no 



CONDENSATION OP BBNZOTRICHLOBIDB WlT^E PHENOLS 183 

ooloration with ferric chloride. (Found: C, 82’40 ; H, 5*21. 
C 17 H 12 O 2 requires 0, 82*26 ; H, 4*83 per cent,). 

The aoiiiioniaoal solution containing the p-compound when 
acidified with acetic acid, yielded a brick-red powder which was 
crystallised from very dilutp alcohol, m. p. 162-64®, yield 1 g. 
It is easily soluble in alcohol, ether, chloroform and acetone ; 
insoluble in water, benzene and petroleum ether. It gives a greenish 
orange coloration with ferric chloride. It was found identical 
with the compound (m. p. 164-65®) prepared from 1-hydroxy- 
naphthyl 2 -carboxylic acid and benzotrichloride without any alkali * 
(D.Ji. P., 378908, 378909 ; Swiss Pat., 98559). (Found: C, 82*1 ; 
H, 4*64, C 17 H 12 O 3 requires C. 82*25 ; H, 4*83 percent.). 

2-Hydroxy-a-naphihylphcnylketonc, — The reaction was carried 
out with ) 8 -naphthol, benzotrichloride, alcohol and alkali in the 
first compound The product, separating on acidification was washed 
with alkali and finally with water. It was crystallised from a 
mixture of alcohol and chloroform as a brick-red microcrystalline 
powder, m. p. 174®, yield 5 g. It is insoluble in water, cold alkali, 
alcohol and petroleum ether ; soluble with difficulty in ether and 
boiling •caustic soda ; easily soluble in chloroform, acetone and 
benzene ; does not give any coloration with ferric chloride. It was 
found identical with the compound prepared from /J-naphthol 
and benzotrichloride without any alkali (D. K. P., 378908, 378909 ; 
Swiss Pat., 98559). (Found: C, 82*51 ; H, 5*31. C 17 H 13 O 2 requires 
C, 82*25 ; H, 4*83 per cent.). 

oGoumarylphenylketonc. — A solution of o-coumaric acid (15 g,), 
benzotrichloride (20 g.) and alcohol (100 c. c.) was sulded to a 
solution of caustic soda (25 g. in 41 c. c. water) as in the first 
compound. The heating and stirring were continued for 12 hours. 
On acidification, a black tarry liquid separated out which was washed 
with petroleum ether to remove the excess of benzotrichloride* 
The product was dissolved in alkali and reprecipitated with acetic 
acid. The process was repeated for several times, .until a brownish 
solid W 8 W obtained, which was next boiled with water to remove the 
unchanged o-coumaric acid. The mixture was filtered hot and the 
residue crystallised from dilute^lcohol in yellowish microcrystalline 
powder, m, p. 188®, yield 7*2 g. It is insoluble in water, chloroform 
and j)etrolleum ether ; moderately soluble in alcohol and easily 
soluble in ether* {E'oui\(i: C, 71*78 ; H. 4*67* O 16 H 13 O 4 requires 
C, 71*64 ; H, 4*47 per cenl.). 



Silver edit was prepared in the usual way from ammonium salt 
as yellow powder. (Found : Ag, 28 ’77. CigHj 1O4 Ag requires Ag, 
28 '80 per cent.). 

The phenylhydrazone , prepared in the usual way, crystallised 
from alcohol as raddish tiny needles, m. p. 120® (decomp.). (Found; 
N, 7'7. CggHigOsNj requires N, 7‘8 per cent.}. 
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Mercupation of Compounds containing the ReactiYe 
Methylene (-GH^-) group by means of 
Mercuric Acetate. 

By K. G. Naik and R. P, Patbl. 

The mercuration of the substituted amides of acetoacetic acid and 
rnalonic acid was undertaken with a view to study the formation and 
the properties of the organo- mercury derivatives of comflpunds con- 
taining a reactive methylene group, and throw light, if possible, on 
the reactivity of the hydrogen atoms of a reactive methylene (-CH 2 -) 
group, situated between two carbonyl groups. 

With this end in view, mercuric acetate was allowed to react in 
methyl alcohol with the following substances : 

fl) Acetoacetaniiide, (2) acetoacet-o-toluidide, (3) acetoacet- 
m-fcoluidide, (4) acefcoacet-p-toiuidide, (5) acetoucet-a'iiaphthyl- 
amide, (0) acetoacet-/3-Daphthylami(le, (7) acetoacet-1 :3 :4- 
xylidide, (8) acetoacet-1 : 4 :5-xylidide, (9) ethyl acetoacetate, (10) 
ucetoacet-m-nitraailide, (11) ethyl malonate, (12) malonmouo- 
pbenylamide. (13) malonmono-o-toluidide, (14) maloDmono-m- 
toluidide, (15) malonmono-p-toluidide, (16) malonmono-a-naph- 
thylainide, (17) malonmono-yS-naphthylamide, (18) malonmono- 
1 : 3 : 4>xylidide, (19) malonmono-l :4 :d-xylidide and (20) malonamide. 

Of these (18) and (19) were prepared for the first time by the 
modification of Whiteley’s method (J. Chem. 8oc,, 1903, 83 . 24). , 

It has been found that when mercuric acetate ’reacts with aroma- 
tic compounds, it introduces very easily the acetoxymercury (CHs- 
COOHg — )group in the nucleus. It was, therefore, expected that in 
these reactions also, it would not only attack the methylene group, 
but also attack the aromatic part of these amides. Contrary to our 
expectations, it was found that mercuric acetate attacked the methy- 
lene group only, leaving the aromatic nucleus unaffected, even when 
xpercuVic acetate was employed in excess. 

Whereas, the a^nides (1— >11) reacted with mercuric acetate in 
methyl alcohol givinf^ diaoetoxy mercury derivatives oft he formula 
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(1); the amides (12'— 20) reacted under sim/iar ooadttiooB, giving 
compounds of ihe general conslfitution (II). 

OHsOOOHg CHgCOOHg CONHa 

X ’ >< 

OHsCOOHg CONHB HOHg CONHK 

(I) (II) 

(where B a is H, Phenyl tolyl, or naphthyl etc. group). 

All the above compounds are decomposed by dilute 0’25iV-hydro- 
cbloric acid with the separation of the original amide. Hydrogen 
sulphide and ammonium sulphide decompose them with the perci 
pitation of black mercuric sulphide. Potassium iodide decomposes 
the compounds with the liberation of alkali hydroxide. From these 
reactions, it appears that the linkage between the carbon atom of the 
reactive methylene group and mercury is a very weak one as is 
expected from compounds containing mercury attached to a carbon 
atom in a-position to a carbonyl group. 

The general constitutions given to the above mercury compounds 
have been assigned from the following considerations. 

(0 That the substituted group containing mercury has not 
replaced the hydrogen atom attached to a nitrogen atom of the -NHE 
group (i. e.t it does not contain the N — ^Hg linkage), because, 

(a) malonic ester and acetoacetic ester which do not contain such 
a nitrogen atom do form similar compounds with mercuric acetate; 

(b) a compound containing N — Hg linkage behaves as a weak 
base, so much so, that its solution may be easily titrated against 
standard acid, using methyl orange as the indicator (c/. Ley and 
Kissel, Ber., 1899, 32, 1357). 

(ii) That the substituted grouping containing mercury has not 
replaced the aliphatic part of the molecule, for, (a) malonamide 
which does not contain such an aliphatic group, forms a similar 
mercury compound; (b) mercury compounds of aliphatic amines 
are not easily decomposed by dilute hydrochloric acid, potassium 
iodide, and hydrogen sulphide; whereas the compounds described here 
are easily decomposed by these reagents giving the original amide. 

{Hi) That the substituted grouping containing mercury has not 
replaced the hydrogen acorn of the nucleus, because, (a) malonamide, 
ethyl malonate and ethyl acetoaoetate which do not contain such 
a nucleusi do form similar compounds; (b) from literature on mercury 
compounds, it appears that the mercury atom in the nucleus Is not . 
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removed by dilute hydrochloric acid, potassium iodide and hydrogen 
sulphide (c/. Bchrauth and Bauersohmidt. Ber., 1914, 17, 2740), 
while the mercury in these compounds is easily removed. 

(tv) That the substituted grouping containing mercury is directly 
attached to the carbon atom of the methylene group, situated 
between two carbonyl groups, for, (a) the properties and the 
behaviour of compounds described here, are exactly similar to 
those having mercury attached to a carbon atom in a-position to 
a carbonyl group. It has been observed in case of mercurated 5- 
pyrazolone (which contains four acetoxymercury groups) that thfe 
n^rcury in position-4 {i.c., attached to a carbon atom in a-position 
to a carbonyl group in position-5) is easily removed by dilute bydro- 
chloric acid and hydrogen sulphide, the other three acetoxymereury 
groups, keeping firmly to their positions in the molecule^(Schrauth 
and Bauersohmidt, Zee. cit.), (5) On bromination of acetoxyhydro- 
xymerourimalonamide, dibromomalonamidc is obtained. 

Mercury compounds of the type (I) react with 10 p.c. sulphuric 
acid giving compounds of the following constitution : 

Hg COCHg 

soy >0/ 

Hg CONHR 

They also react with an aqueous solution of potassium iodide with 
the separation of the original amide and the liberation of potassium 
hydroxide. The potassium hydroxide, liberated w'as found to be 
2‘018 equivalents, which according to theory should be 2 equivalents. 
These , facts completely prove the constitution assigned to the com- 
pounds of the type (I). 

Mercury compounds of the type (II), react with standard sodium 
hydroxide solution, giving a dihydroxymercury derivative. The * 
quantity of sodium hydroxide required to completely hydrolyse the 
acetoxymercury (-CHgCOOHg-) group was found to be 1*12 equiva- 
lents which according to theory should be •! equivalent. The 
constitution is further supported by the behaviour of the compounds 
with sulphuric acid. They give rise to hydroxysulphatomercury 
derivatives of the following cdlistitution. * 

. NHjsCO Hg SO< Hg CONHa 

X X 

TINHOO ^ BgOH HOHg CONHR 
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When faydroxyeoeioxymerourt-o-toluididfe k, however, made to 
* teae^i mth an aqueous solution of potassium iodide, 2*97 equivsleots 
ulYO^ssivutn hydroxide ate liberated, which aooording to the theory, 
shLjd be 3 equivalents. This lends a further strong support to the 
correctness of the constitution assigned. 

Experimental. 

Diacetoxymercuriacctoacetanilide , — Mercuric acetate (3*6 g.) 
dissolved in methyl alcohol* was added to a methyl alcohol solution 
of aoetoacetanilide (1 g.). The solution though clear at first became 
turbid on heating on a sand-bath for about 10 minutes. On cool- 
ing, a snow white crystalline product separated out. It was filtered 
and washtd with water, alcohol and ether to remove the unreacted 
constituetits. The product was insoluble in most of the ordinary 
organic solvents. It melts with decomposition at 204®. (Found : 

N. 2‘23; Hg, 67*26. Oi^Hi^O^NEIgg requires N, 2*02; Hg, 67*72 
per cent.). 

The rest of the mercury derivatives have been similarly prepared 
by the interaction of mercuric acetate with the respective a'mides 
in methyl alcohol. The results are given in Table I. 

Action of dilute hydrochloric acid . — The above mercury compound 
decomposed by hot 0‘25N-hydrochloric acid with the separation of 
the original amide and mercuric chloride . 

Action of potassium iodide , — The above compound (0*2627 g.) 
suspended in water, was treated with a solution of potassium iod- 
ide (lg.)« Potassium hydroxide was at once liberated and titrated 
against 0*0574jV-hydrochloric acid (of which 13*3 c.c. were required). 

It was subsequently heated for about 1 hour, but no further libera- 
tion of potassium hydroxide was observed. 

Action of hydrogen sulphide . — The above mercury compound 
(0*491 g.) was suspended in water and heated to boiling. 

A slow current of hydrogen sulphide gas was passed into the solu- 
tion till"' the complete precipitation of mercuric sul- 
phide. Precipitates were then filtered through a Gooch crucible and 
Vashed with water, pyridine, carbon disulphide and alcohol to 
remove the amide formed during the course of the reaction as well 
as the sulphur which might have precipitated together with mercuric 
sulphide. It was then dried at 105-10'’, and weighed (0*88 g.)* 
(Found; Hg, 57*9. Gi 4 Hi 50 oNHg 9 requiAB,Hg. 67*72 per cent,). 
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This indicated that the splitting up of the carbon — ^mercury link* 
age by hydrogen sulphide was quantitative. 

Action of phenylhydrazine. — ^The substance decomposed on 
treatment with phenylhydrazine with the separation of grey metallic 
mercury. ^ 

Sulphatomercuriacetoacctanilide, — The above mercury compound 
(2 g.) was heated with 10 p. o. sulphuric acid on sand-bath for about 
i hour. It was then cooled, filtered and washed with water, 
alcohol and ether. The product was insoluble in most of the 
ordinary organic solvents. It turned brown at 240® but did not 
melt till 800®. (Found; Hg. 59-20 ; SO 4 , 14*55. CioHcjOgNSHg^ 
requires Hg, 59*61 ; SO 4 , 14-3 per cent.). 

Compounds similar to the above have been prepared bjz the ac- 
fion of sulphuric acid on compounds 1,2,3,9,12, and 20 of Table I. 

The results are given in Table 11. Compounds are numbered 
as la, 2a;^ 3a, Oa, 12a, and 20a. 

Action of potassium iodide on diacetoxymercuriacetoacet-o-tolui- 
dide. — Diacetoxymercuriacetoacet-o-toluidide (1 g.) was treated with 
potassiiiim iodide in water and heated to boiling. The liberated 
alkali was neutralised and the solution concentrated and cooled when 
crystalline needles of acetoacet-o 4 oluidide separated, m.p. 107®. 

Action of dilute sodium hydroxide on acetoxyhydroxymercuri- 
malonmonophenylamide . — ^The mercury compound (0*5088 g.) was 
treated with 50 c. c. of O’OlBlV-sodium hydroxide solution and 
refiuxed for J hour. It was cooled, filtered and washed with water. 
The filtrate was then acidified with 10 c.c. of 0 *lN-oxBlio acid 
to neutralise the unreacted sodium hydroxide. The excess of 
oxalic acid was titrated against 0*018 N-sodium hydroxide 
(56 c.c.). 

The insoluble product was found to be dihydroxymerourimalon- 
monophenylamide. (Found: Hg, 65*1. Ct)Hio^ 4 N 2 Hg 2 requires 
Hg, 66*57 per cent.). 

Action of potassium iodide on Acetoxyhydoxymercurimalonmono^o^ 
folufd/de. — Acetoxyhydroxymercurimalonmono-o-toluidide ^0*2127 g.) 
was treated with potassium iedide (I g.) in water and boiled for 4 
hours. The liberated alkali was neutralised by 0*0574 N- hydrochloric 
acid (16*6*c.c,). 

Afalonwono-l : 8 :4-a;j/Mdide. — ^This was prepared by the modi- 
fication of ■ Whiteley*s \n<|thod (ioc. cit,). Ethyl malonate (80 g.) 
and 1 :8 : 4 -xyUdide (15 g.) were put in a flask, fitted with a cork 

3 
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through which parsed a long bent tube and heated in paraffin- 
bath, at 120-25*’. To get the maximum yield, the tempera- 
ture was not allowed to go beyond 125**. After 8 hours, the 
contents of the flask were transferred to a glass-stoppered bottle and 
shaken for 4 hours with twice its volume of ammonia ,(d 0‘88). 
The semi-solid mass was then allowed to evaporate and the residue 
was pressed on a filter and finally washed with ether to remove any 
of the unreacted ester and amine. It was then boiled with dilute 
• alcohol (1 : 6) and filtered hot. The dixylidide and xylylamate re- 
mained on the filter undissolved. The filtrate on cooling separated 
malonmono-1 :3 :4-xylidide. The product when crystallised £rom 
the same solvent melts at 166®. 

It is,,very soluble in methyl alcohol, ethyl alcohol, acetic acid, 
hot water, and sparingly soluble in cold water, hot benzene, but 
practically insoluble in petroleum. (Found: N, 13*57. C11H14O2N2 
requires N, 13*59 per cent.). 

Malonmono-1 'A :5-xylididc. — 1 :4 :5-Xylidine (15 g.) and ethyl 
malonate (30 g.) were heated similarly for 8 hours at 120-25° as 
usual and subsequently treated as the preceding compound. It 
was crystallised from dilute alcohol (1 .*6), m.p.l97°,i Bolubility is 
similar to that of the preceding compound. (Found : N, 13*57. 
Cl iH,402N2requires N, 13*59 per cent.). 

Action of bromine on acetoxyhydroxymercurimalonamidc , — The 
mercury compound of malonamide was treated with an aqueous 
solution of bromine till no more bromine was absorbed. It was then 
heated to boiling when all the compound went in solution. The 
solution on cooling deposited a crystalline product which''when fil- 
tered and washed with alcohol, melts at 203°. This was identi- 
tical with the dibromomalonamide obtained by Freund (Ber., 1884, 
17, 782). 



ilEllC ORATION OF COMPOUNDS 


o«oooOT»«»bi-(-^ 

kOiOtOM3>OlOCD^ 


So 

tic to bo^ bo taib ^ 


SiSSca 


op O 03 

<c »o 

lOo lao bo - 

ttww^ 


8 0 00 00 <M 03 ' 

p 94 03 00 00 

o o o o a> 60 03 

<0 CC ^ >0> <0 CO 

§ o. 

03 03 00 !>. 600 03 

iO to «0 to *0f o CO 

bin t£ be bO bo be 

M (DManH M 


• • .y ^ 

§ I I « 

g. § - ^ 

3 Ss ga 

^ o 7 -. oi S y 

C 3 QD 0 C 3 C 30 

T-l fH i-H »H W 'O ^ 


0 

T 3 2 O 

O •"' ^ 

Hi 


” s” s s s ^ 

wwtuwasw s=5. 

t?; >5 55 a K 

^ JP HP »o «o r* 00 

C O ^ C o O O C' 

5555^;^^®*"^'^ 

WWfflcECdstew 

^ ^ « OO C0 <0 

uuoqJ<Jocjc 7 


W waajaW s 

M M e<* (»« w « pq 

S: Si'ii'a'i'i o 

a atcKEcsa a 

®j 22 itt CO J5 u> 



as 

b 

0 

O, " 

<w at 

a 

.6 

0 ® 

»-. "O^OJ 

0 

na 

-S.-s « 
a 3:2 « 

co ^ 

rs 

jp 

^ ® a 

« 3 '2^5 S.'S 

.'S 'o *0 

351 

a’i^ 

M p>. 0 

II 2 

A 

•3 

'Z 

a 

^ rt eflCO «? 

S C a :.^ 
^ 0 CQ. iM 
60660 

'0 

Sf-g, 

etf 04 T 

:r! 0 0 

6 

'S 

0 

r1 S . '?.'<i<-^“ 

S S 

QROOQCWO 

2 a a 

^ 0 © 

5 ? ? 

0 

0 

a 

c 9 Q 9 0 
0 0 0 0 0 

a a a a a 

Q 

W <J < 

•< 

•<•<■<■<■< 


c6««tc3cdt>ladc30 

rH CO 00 
tH »H iH 

■H? 

tH 

to <6 00 ^ 

vH tH fH «H «i4 



192 


K. G. NAIE AMD R. P. PAPRL 


o 


<a 

'3 

Calc 

ss 

S3 

s 

-ir* 

r-4 

g 

3 

00 

3 

•S* 

0 


ei S 





»d 

S 

iS 

03 At< 
lO 

Woo 

?H 

o 

CO 

•in 

*<H 

oT 

CO 

i 


o> aa 
^ 00 ^ 
pco 


S 7** 
^00 o 
«o 

ffiii 



03 

•§ 


<D 

M 

00 

CO 

i 

CUD 

a 

CO 

w 


"S 

<D 


«Ui *- 

© p 

S ^ 

O .22 
2 

•JO . 
•4^ d 


© 

t>>*^ 
-*a ^ 

3 "o 

s ^ 

§-§ 

%* 

m ^ 
IB cB 


-•= ^ 
« 8 

_gpq 

■g "o 
es b 

1 1 





Influence of Temperature on the Setting 
of Inorganic Jellies. 

By Satya Pr\kash. 

In previous publications from this laboratory (<7. Indian Chem. 
Soc., 1929, 6, 891, 687; ibid, 1930, 7. 367, 417, 591; Z. anorg. Chem., 
1931, 20i, 801,) we have investigated the prep{u*ation and properties 
of a number of inorganic jellies. We have also studied (J. Phys, 
Ghent. 1930, 34, 954) the influence of temperature on the coagulation 
of various sols and have shown that such sols as hydrous^ oxides of 
*iron, chromium, tin and aluminium become comparatively unstable 
when the temperature is raised, whilst easily ^hydroly sable sols such 
as Prussian blue, gamboge and mastic are stabilised at higher 
temperatures. 

In this communication, wc arc recording our observations on 
the in^uence of temperature on the setting of various jellies. The 
jelly-forming mixtures were prepared at ordinary temperatures and 
divided into three portions, and they were allowed to set in 
thermostats maintained at three different temperatures. The time 
of setting of the jellies was noted in every case. The setting point .of 
a jelly was sharp enough to take readings with an accuracy of 10 
seconds. 

The jellies were prepared by methods described in foregoing 
papers.* Where the jellies were obtained by coagulation, the sols 
were dialysed for such periods as were necessary to produce jellies of 
the best texture. So long os the sols were comparatively impxire, 
either no jelles were formed or they gave loose opaque coagulum. 
In no case the sols could be completely freed from electrolytic im- 
purities. as there was an apprehension of the ‘spontaneous setting of 
sols to jellies by dialysis alone. 

Experimental. 

t 

Zirconium Hydroxide Jelly. 

<The jelly waa prepared by the. addition of various quantities 
of 8*84N>Bodium acetate to 8 o. c. of 10% zirconium nitrate 



194 


S. PllAKA$It 


solution, and the volume was made up to 5 o. c. in every case. 
The mixtures were allowed to set at 30®, 60® and 70®. The results 
are recorded in the following table. 

Table I. 

Time of setting. 


03*48N*8odium 

30* 

60* 

70* 

acetate 

0*1 c. c. 

No jelly 

No jelly 

No jelly. 

0-2 

Do 

Do 

Do 

0*3 

Do 

Do 

Do 

0*4 

3 hrs- 

6 mins. 

35 see. 

0*5 , 

2 mins. 

30 sees. 

Immediately. 


The results recorded in this table show that below a certain 
minimum concentration of sodium acetate, no jelly is formed even 
at higher temperatures. The time of setting of the jelly is markedly 
decreased at higher temperatures. 


Zirconium Borate Jelly. 

The jelly was prepared by dialysing for four days the sol obtained 
by mixing saturated borax solution with 10% zirconium nitrate 
solution and coagulating the sol by different amounts of N/5 
potassium sulphate. 

Concentration of the sol = 24*72 g. zirconium borate per litre. 
Amount of sol taken = 3 c. c. Total volume = 5 c. c. 


Table II. 


Ti 


N/6-K,S04. 

CO 

c 

0 

0*4 c. c 

2 hrs. 

0 6 

16 min. 

0*6 

13 

0*7 

No jelly but ppt. 

0*8 

No jelly but ppt. 


e of Betting. 


50** 70" 

30 minB. 15 mins. 

12 5 

11 1 

4 30 sec. 

No jelly but ppt^ 20 sec. 


the jelly booh 
ByneriseB. 
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Zirconium Molybdate Jelly. 

The sol of zirconium molybdate was prepared by mixing 8% 
potassium molybdate solution with 10% zirconium nitrate solution 
and dialysing the mixture for i5 days. Concentration of the sol 
was 14.48 g. zirconium molybdate per litre. The jellies were 
prepared by coagulating the sol with different amounts of JV/50 
potassium sulphate. 


Amount 

of sol taken = 10 c. c. Total volume = 12 c. 

C- 

• 

Table III. 




Time of 

setting. 


N/ 50 -K 2 SO 4 . 


50“ 

# 

70* 

1.2 c. c. 

No jelly 

2 hrs. 30 min. 

10 min 

1*3 

5 hrs. 

1 hr- 20 min. 

6 

1 

3 hrs. 15 niin. 

1 hr. 

5 

1*5 

1 hr. 25 min. 

29 min 

4 

• 1*6 

45 min. 

22 min 

2 


Thorium Arsenate Jelly. 


This jelly was obtained by mixing different concentrations of 
18^ potassium arsenate solution with 10 c. c. of thorium nitrate 
(12.00 g. of the salt per litre), the solution being made up to 12 c.c. 

in every case. 

Table IV. 




Time 

of setting. 


l 8 %KHaS 04 . 

30 * 

40 * 

46 * 

0*7 c. c. 

1 day 

• No jelly 

No jelly 

08 

2 hrs. 

• Do 

• 

Do 

0*9 

25 min. 

Lfoose jelly in 

2} hrs. 

Do 

I'O 

18 

85 min. 

2 hrs. 

1*1 

5 

26 min. 

90 min. 

When the 

temperature was raised 

above 50®, the thorium 


arsenate mixture did (lot yield any jelly* not even when kept for 
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five hours. However, if the jelly-forming mixtures be again brought 
to 30°, they set to jellies. 

Thorium Phosphate Jelly. 

The jellies of thorium phosphate were prepared by adding varying 
amounts of 11% potassium phosphate solution to 10 c. c. of thorium 
nitrate solution (12.06 g. per litre). The total volume was made up 
to 12 c. c. in every case. 


Table V. 


11 %KH 2 P 04 . 

80* 

Time of setting. 

40* 

45* 

0 8 c, c 

No jelly 

No jelly 

No jelly 

0*9 

120 min. 

66 min. 

58 min. 

1*0 

48 

2i 

20 

1*1 

16 

10 

7 

1-2 

2 

2 

2 


Thorium Molybdate Jelly. 

These jellies were prepared by adding varying amounts of 4.6% 
potMsium molybdate to 10 c. c. of thorium nitrate solution contain- 
ing 12.06 g. of the salt per 250 c. c. 

Total volume = 12 c. c. 


Table VI. 

Time of Betting. 

4‘«%K,Mc)04. 30* 60* 70* 


0*9 c, c 

> 60 min. 

80 min. 

22 min. 

1*0 

> 60 

25 

16 

1*1 

83 

20 

11 

1*2 

30 

18 

10 

1*8 

28 

15 

8 


Chromium Arsenate Jelly, 



The sol was prepared by dialysing the mixture of 100 e. c. of 
M/2-ohromic chloride and 30 o. c. of 18% potassium arsenate 
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solution for 6 days. It set to jellies when ooagulated withN/5 
potassium sulphate. 

Tablb VII. 


Concentration of the sol = 36.4 g. per 

litre. 


Amount of sol taken 

= 10c. c. Total 

volume =1'5 c. 

c. 


Time 

of getting. 


Ar/ 6-KaS04 

80* 

50* 

70* 

2*2 c. c 

54 min. 

10 min. 

1 min. 

2*3 

36 

4 

1 

2*4 

23 

3 

50 sec. 

25 

15 

2 

80 sec. 

• 

2-6 

Ppt. 

Ppt. 

Ppt. 


Vanadium P&ntoxidc Jelly. 

Vanadic acid was precipitated by adding concentrated hydrochloric 
acid t(^ ammonium vanadate. The precipitate on careful washing 
passed into a clear red sob which set to jellies when coagulated with 
potassium chloride. Concentration of the sol was 1 .92 g. vanadurh 
pentoxide per litre. 

Amount of sol taken=5 c. c. Total volume=12 c.c. 


Table VIII. 

Time of setting. 


iV/20-KCI. 

30* 

60* 

70* 

1*0 c.c 

3 bre. 20 min. 

No jelly in 8 hrg* 

No jelly in 8 1 

1*2 

88 min. 

No jelly in 3 bra 

No jelly 

1*8 

20 

100 min. 

• 

Do 

1*4 

13 

45 

Do 

1*6 

4 

30 

• 

150 min. 


MercurVsulphosalicyltc Acid Jelly. 

Mercttri-sulphosalicylic acid was prepared by dissolving 1.5 mols 
of miKrourio oxide in 1 ^mol. of sulphosalicylic acid and drying the 
mixture on a water-bath| One gram of ^he powder thus obtained 

4 
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iras dissolved in 100 c. o. of water. A clear sol with slight opales* 
cence was obtained which set to jellies on addition of iN^*Kj|S 04 . 

8 c. c. of l^merouri-sulphosalicylio acid were taken every time 
and the total volume was made up to 10 c. c. 

Table IX. 


Time of setting. 


JV^-K,S 04 . 

30® 



40® 

50* 

0*4 

No jelly 



No jelly 

No jelly 

0*6 

16 min. 



Do 

Do 

0^ 

10 



30 min. 

Do 

0-7 

7 



15 

Do 

1*0 

1 



2 

Loose jelly in 
B min. 


Zinc Arsenate 

Jelly. 


Zinc arsenate jellies were prepared by 
phate solution (14.368 g. in 2i50 c. c.) and 
of water to it and then mixing it with 
potassium arsenate solution. The the 

taking 5 c. c. of zinc su!« 
adding an equal quantity 
different amounts of 18% 
total volume was made 

up to 20 c, c. in every 

case. 






Table X. 


18% KHjAsO^. 30* 

<WL6 Did not set 

018 
0*20 
0*80 


60® 70* 

Ijoose jelly in 60 sec. Ppt. 

90 sec. 80 sec. 

60 6 

6 6 


5 sec. 


Stannic Arsenate Jelly, 

To 2 or 8 c.c. of M/l*099-stannic chloride solution were added 
« the varying concentrations of 18% potassium arsenate solution and 
the to^l volume was made up to 6 c.c. in every case. A set of the 
mixture was allowed to set at 20® while the other set was warmed 
for 5 minutes at 90® and then transferred to ordinary room temt>era- 
ture (20®). The time of gelation was noted'in every case. 
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Table XI. 


Af / 1 *099* St annic 

18% Potassium 

Time of 

setting 

chloride. 

arsenate. 

20* 

90“ (warming) 

3*0 C.C. 

1 c.c. 

23 hrs. 

10 hrs. 

30 

2 

90 min. 

6 min. 

30 

3 

25 min. 

3 

2 0 

0*5 

24 hrs. 

5 


• The marked temperature influence observed in the case of this 
substance is probabiy due to the fact that warming for a few minutes 
at a higher temperature causes the hydrolysis of stannic arsenate to 
stannic oxide. The oxide is also known to yield fine jellies which 
under the circumstances may set more rapidly than the arsenate 
jelly. 


Staiiyiic Phosphate Jelly, 

3»C.c. ofA//l*099*Btanmc chloride solution were mixedwith varying 
amounts of 22 per cent, potassium phosphate solution and the total 
volume was made up to 6 o.c. in every case. One set of the mix- 
ture was allowed to set at 20® while the other at 90®. 


Table XII. 

Time of setting. 

22%KHaPOi. 20“ 90“ 

0*5 c.c. 22 lire. 5 min. 

1*0 2 hrs. 8 

1*5 30 min. 2 

2*0 * 18 1 


Stannic^ Tungstate Jelly. 

• 

1*6 or 2 o.c. of 1'5BM stannic chloride solution were mixed with 
different concentrations of 15^ sodium tungstate solution. The 
t&tal volume was made up to 6 c.c. in every case. The mixtures 
were shaken lor five* minutes and then transferred to baths at 20® 
and 03® and the timd of gelation was observed. 
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Table XIII. 


l*58il/-Staniiio 

15% Sodiam 

Time of 

s 6 t fc i n 

chloride. 

tuogflitate. 

20* 

98* 

9 c.o. 

2 0 c.c. 

No jelly 

No jelly 

2 

2*6 

No jelly 

20 min. 

2 

3*0 

5 days 

6 

2 

8*5 

2 days 

6 

1-5 

2*0 

>5 hrs. 

8 


Stannic Molybdate Jelly. 


A mixture of stannic chloride in excess and potassium molybdate 
was dialysed for 24 hours. Concentration of the sol was 91*04 g. 
SnO^ per litre. This sol when half diluted gave jellies at different 


temperatures as follows ; 

Table XIV. 




Temp* ... 90* 

70* 60' 

50“ 

40* 

24^ 

Time of gelation ... 1 

in min. 

2 4 

Discussion. 

7 

20 

880. 


The results recorded in the foregoing tables show that in the case 
of zirconium hydroxide, zirconium molybdate, zirconium borate, 
thorium molybdate, thorium phosphate, chromium tungstate, stannic 
arsenate, phosphate, tungstate and molybdate, the time of setting 
markedly decreases as the temperature is raised. 

The jellies of thorium arsenate, vanadium pentoxide and mercuri- 
Bulphosalicylic acid take a longer time to set at higher temperatures, 
and above a certain temperature, they do not set at all. 

No systematic work appears to have been done before on the 
influence of temperature on the formation of jellies. Fleming (Z. 
Phys. Chem.t 1902, 41, 427) and Holmes (J. Phya. Chenif^, 1918, 22, 
516) observed that a slight increase in temperature accelerates the 
time of setting of silicic acid jelly, while Fells and Firth {ibid, 19259 
29 , 248) did not observe any distinct variation with temperature 
over the range from 0*^ to 45^. Conflicting results are also found 
in the case of manganous arsenate jellies (c/. Deiss, Kolloid. Z., 1914, 
li. 180; andSrMmer, Colloid Symp. Monograph, Wiaoonsin, 1028, 
66). We. have observed that if the manganous chlmride and potassium 
arsmete mixture is warmed at 60^ to 80^, will form manganous 
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arsenate jelly more conveniently than if the mixture is allowed to 
remain at ordinary temperature* 

Bunco (7. Phys, Chem., 1914, 18i 269) observed that a slight 
increase in the temperature accelerates the gelation of mercuric 
oxide jellies but heating for five minutes above 63^ seems to prevent 
the formation of the jelly. Szegvari and Schalek (Kolloid 1928, 
32i 318; ibidf 33, 326) observed in the case of iron oxide jelly that the 
setting time decreases with the rise in temperature. 

In the case of organic jellies, like gelatin, agar agar, soap, starch, 
pectin and others, the behaviour is quite different. The lowering o\ 
temperature always favours their gelation. These jellies also undergo 
a sort of melting when temperature is raised and the melted sol 
again assumes the jelly form when cooled, and thus, these jellies are 
^heat reversible. Most of the inorganic jellies do not Show this 
sort of reversibility. 

The change in temperature in case of jelly-forming mixtures 
causes the variation in the solubility of the dispersed phase, in the 
degree of hydrolysis, in the hydration of particles and in the rata of 
coagulation. The setting time appears to be a complicated function 
of all^these factors. Organic substances, due to the marked tem- 
perature inffuence on the solubility, form both true and colloidal 
solutions, and at different temperatures an equilibrium exists between 
the molecules and colloidal aggregates. As the temperature is 
lowered, due to the decrease in solubility, the colloidal phase begins 
to preponderate, which on developing surficial and structural hydra- 
tion under suitable conditions, sets to a jelly. 

With the exception of those inorganic sols which appear to under- 
go marked hydrolysis with rise in temperature, the rate of coagulation 
is markedly increased if the temperature is raised and with the rapid 
decrease in charge, the viscosity and hydration of particles also • 
increase. Thus a jelly is obtained in a comparatively shorter time 
at higher temperatures. The sols undergoing hydrolysis at higher 
temperatures become stable towards coagulation and as such, the 
jelly takes more time to set. The agglomeration tendejScy of the 
particles also appears to be ..favoured at higher temperatures and 
consequently, the jellies obtained at higher temperatures are more 
opalescent. 

«In t&e case of poly basic salts of heavy metals, like tin, zirconium, 
thorium and others, Jt is highly probable that as the temperature 
increases, they are li^dlolysed and hydrous oxides are formed, in 



m2 


B. PRAKASH 


case of such substances, the hydrous oxides also have a tendency of 
developing hydration, and some times greater than the correspond- 
ing polybasic salts. In such cases of mixed jellies, the time of set- 
ting would depend upon the hydration developed by different phases. 

The jelly of mercuri-sulphosalicylic acid resembles more or less the 
organic jellies, whose setting is favoured by the lowering of tempera- 
ture. It appears that the anomalous thorium arsenate and vanadium 
pentoxide jellies exhibit when freshly formed what is known as the 
‘ melting of jellies,’ a phenomenon so common in the case of 
organic jellies. It has been found that though a jelly-forming mix- 
ture of thorium arsenate remains liquified at 60®, the jelly of vhe 
same concentration prepared at ordinary temperature, but allowed to 
age for some hours does not undergo melting if the temperature is 
raised. A similar observation has been made in the case of vanadi- 
um pentoxide. This appears to be partly due to the decrease in the 
hydration tendency and partly to the decrease in the surface 
energy on ageing. This effect is not so marked in the case of organ 
-ic jellies which are, consequently heat reversible. 

Summary, 

1. The influence of temperature on the setting of various inor- 
ganic jellies has been investigated. It has been observed that all 
the inorganic jellies with the exception of thorium arsenate, vanadium 
pentoxide and mercuri-sulphosalicylic acid, set more readily at high- 
er temperatures than at low. The jellies (these three exceptions) 
are not formed above 60°. 

2. In the case of such inorganic sols which do not qndergo 
hydrolysis, the rise in temperature increases the rate of coagulation, 
and consequently, the hydration is more rapidly developed and the 
jellies are readily obtained. 

B. The jellies of polybasic salts are hydrolysed at higher tempe- 
ratures to the ocurresponding hydroxides which have also a tendency 
to form jellies, and. hence the setting time would depend upon the 
tendency bf mixed phases. 

4. The jellies of vanadium pentoxide and thorium arsenate show 
She ‘ melting phenomenon’ at higher temperatures. 

In conclusion, the author wishes to express his indebtedness to 
Prof. N. B. Dhar for his very kind interest and guidance in this woyrk. 

Chemical Laboeatobies, 

UnWibsity of Allahabad. ; heceived January l9, 1932. 



A New Method of Estimating Arsenic in Organo-arsenic 

DeriYatives. Part II. 

By Hirendra Nath Das-Gupta. 

The proRent communication is a continuation of the work done by 
the author (J. Indian Cham, Soc,, 1932, 9, 95), on the problem 
e^imating arsenic accurately and rapidly in organo arscnlc com* 
pounds. There was, however, the limitation that the compounds 
concerned should contain arsenic in the penta-valent state. The pre- 
sent paper deals with those derivatives in which the metalloid is in 
the tri-valent state. 

Organo-arsenic compounds containing tri-valent arsenic do not 
liberate iodine from potassium iodide in hydrochloric acid solution 
and hence the previous method {lor. cit .) could not be followed. A 
careful study of the properties of organo-arsenic derivatives, in which 
the element is present in the tri-valeiit state, clearly reveals the fact 
that most of the compounds are unstable and readily undergo oxida- 
tion either simply by atmospheric influence or when treated with 
simple oxidising agents and are thus converted into corresponding 
arsinic acids. Advantage was taken of this particular phenomenon, as 
the acid thus produced readily liberates an equivalent amount of 
iodine from potassium iodide in hydrochloric acid solution. Hydro- 
gen peroxide was used throughout the experiments as the common 
oxidising agent. In some cases simple treatment w’ith hydrogen 
peroxide in the cold was sufficient to bring about the complete oxida- 
tion of the compound, whilst in others the peroxide mixture required 
to be heated for the attainment of the desired result. It was found 
rather difficult to destroy the excess of the peroxide left after the 
reaction, by heating either on water-bath or by direct flame and hence 
to obviate this difficulty, the hot solution, previous to itg treatment 
with acid mixture, was treated with potassium iodide whereby the 
excess of the peroxide liberatod the equivalent amount of iodine. The 
iodine thus liberated was subsequently treated with N/lO-sodium 
thiosulphate solution till the last trace of iodine was removed. This 
treatment does not interfere with the subsequent steps as the metal- 
loid in the penta-vaTenji state liberates iodine only in acid solution. 
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Aftier the complete ozidatioa of the product the same procedure was 
followed as described in part I {loo. cii.). 

Compounds selected for analyses belong to different types contain- 
ing different groupings in the nucleus. The compounds of the arsa- 
zine series in which arsenic is in the ring e.g., phenarsazine chlo- 
ride (Burton and Gibson, J, Chcm. 8oc., 1926, pp. 451, 467, 469) ; 
phenarsazine acetate (Burton and Gibson, J. Chcm. 8oc., 1924, 125, 
2277) ; phenarsazine oxide (Burton and Gibson, J. Chcm. 8oc., 1926, 
p. 462 J and phenarsazine methyl ether, have been analysed and 
found to give good results. The method is very simple and requires 
only a small quantity of the substance (10-20 mg.) for analysis. The 
method of arsenic estimation devised by Norton and Kooh (J. Amcr. 
Chem. Soo., 1905, 27. 1247) failed in the oases of quinoline com- 
pounds containing arsenic, but no such difficulty was encountered by 
adopting .this method. 

The following table summarises the experimental results of the 
present investigation, 


Experimental. 


NajSjOs Arsenic content 


Substance. 

Quantity taken. 

1-002-N/20. 

Found. 

Calc, 

Fhenylarsenioaa 

0 0140 g. 

5 c.o. 

33-65 

33'6 p.c. 

chloride 

0-0168 

6 

33-54 


PhenyUrsenious 

0-0201 

9-66 

44*63 

44-6 

oxide 

0*0196 

9 ’35 

44*66 


Arsenobenzene 

00213 

00154 

11-20 

8-10 

49*29 

49-80 

49-8 


0-0213 

0-0254 

11-20 

13-36 

49*29 

49*30 


Neoealvarean 

0-0278 

0-0242 

9'65 

8-30 

CO CO 

82-1 

lO.Chloro-5 :10- 

0*0171 

4-90 

26-91 

27*02 

dibydropbenar- 

sazine 

0-0213 

6-10 

26*90 


10 :10'.Oxy.5 :10- 

0*0137 

4*40 . 

30-10 

80*00 

dibydroj^enar* 

aazine 

0‘0145 

4-66 

30*10 


Phenarsazine. 

0-0168 

4-60 

27-86 

27*47 

methyl etber. 

00162 

4*70 

27NJ1 


10-Oh’oro*6 - 

0*0102 

4'80 

2S-4 

28-47 

aoetyl-5 :10- 

dihydrophenar- 

aazine 

0 0224 

6*60 

28*4 


Procedure . — The finely powdered substance 1 10 20 mg.) was taken i 
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a 300 c.c. conical flask and was covered with 10 c«c. of hydrogen pero- 
xide (12 vol*)* The mixture was heated on a water*bath for 15 minutes 
in order to effect complete oxidation of the substance as seen by its 
gradual dissolution in excess of the peroxide with change in colora- 
tion* In case heating on water-bath did not bring about complete 
oxidation* the flask was heated over an asbestos board by a low flame 
after supporting a funnel on the mouth of the flask* The funnel was 
subsequently washed with distilled water and the washings allowed 
to run into the main bulk. The oxidised solution was next cooled to 
the room temperature and then treated with excess of potassium io- 
dide^ The unreacted peroxide present at once liberated the equiva- 
lent amount of iodine with rise in temperature and the solution 
assumed a deep brown coloration. The iodine thus set free was 
gradually treated with iV/lO-Bodium thiosulphate solution. ^Towards 
tlie end 2 c.c. of 1 per cent, solution of starch were added and the 
addition of thiosulphate solution continued till the blue coloration due 
to free iodine with starch faded away. Owing to the fact that solu- 
tion of certain organic derivatives are coloured brown, one is apt to 
be mislead by not being able to ascertain whether the existing 
brown aolour is due to free iodine or due to the compound itself ; it 
is therefore advisable to add the starch solution at an earlier stage. 
(In case the tri- valent derivative under analysis contain a halogen 
linked to arsenic, the following additional treatment is necessary as 
the oxidation of such chloro compound gives the corresponding 
amount of hydrochloric acid. To the oxidised product 2 drops of 
methyl orange added and then treated drop by drop with N/lO-sodium 
carbonate solution till the pink colour changed to yellow. After this 
the addiliion of potassium iodide was made as given above). The 
walls of the flask were then washed carefully with water and the 
solution cooled. To this glacial acetic acid (15 c.c.) and hydrochloric 
acid (d 119, 15 c.c.) were added. The solution immediately assum- 
ed a blue coloration due to the liberation of iodine from excess of 
potassium iodide by the metalloid in acid medium with rise 
in temperature. The solution was therefore, cooled at first ^d 2 g. 
more of potassium iodide were added and the liberated iodine was 
titrated against N/ 20-sodium thiosulphate. As before, the point at 
which the blue colour just disappears is not the true end point and 
the addition of the thiosulphate solution should be continued till 
there is no change in coloration. This is best ascertained by allowing 
a drop of the standard Ihijpsulphate solution to fall on the solution 

$ 
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and observing whether there is any change in the region in which the 
drop is allowed to fall. From the amount of the sodium thiosulphate 
solution required the percentage of the arsenic is calculated from the 
following relation : 

1 O.c. of N/20-thiosulphateBa0‘0009376 g. of arsenic. 

Summary. 

Uptil now there is no satisfactory qualitative test for asoertuning 
the presence of arsenic in a new compound obtained by an attempt 
.to introduce arsenic into the same. The method given may be used 
as a qualitative test for determining the presence of arsenic. ^ 

Nitroarsinic acid derivatives on being reduced by the usual redu- 
cing agents might give either an aminoarsinic acid derivative or a 
nitroarsepo derivative. In such doubtful oases the above test is 
very suitable as the liberation of iodine in acid solution takes place 
only with the penta-valent derivatives. 

' Arsenic in quinoline coippounds is best determined by this 
method. 

In conclusion the author takes the pleasure in expressing his 
grateful thanks to Dr. M. G-oswami for his keen interest in tbs pre- 
sent investigation and for placing all the resources of his laboratory 
at his disposal and to the Director of Public Instruction, Bengal, for 
awarding him a Post-Graduate Besearch Scholarship which has 
enabled him to undertake the work. 

Depabtmbnt of Afplibd Chemistbv, 

UmvBRSiTr CoLLEQE OF SCIENCE AND TBCHNOLooy, Received April 18, 1982, 

CaIiCUTTA. 



Studies in Quinoline Compounds. Part Ytl. 

By Upbndranath Brahmachari and Jnanendra 
Mohan Das-Qupta. 

In part VI of the series of papers (J. Indian Chem, Soc., 1982, 
9, 3p we described the preparation of 6-metboxy-8-aminoi«opropy- 
laminoquinoUne dihydrochloride which is structurally related to plas- 
moquine. It occurred to us that by ethylation we could enhance the 
similarity of this compound with plasmoquine and expec^d that 
they might possess some antimalarial properties. Other simpler 
aminoquinoline derivatives have also been synthesised with the same 
end in view. 

Attempts to prepare the alkylated products by condensing yff-bro- 
mopropylalkylamines with aminoquinolines were unsuccessful. 

* Experimental. 


Q.M6thoxy’8-P-dicAhylaminoisopTopylaininoquinolinc Dihydrochlo- 
ride. 


cn,o 

I 



NH 


Nch/ 


CHo 


CH8-N(CaH5)s-HCl 


6.Methoxy-8-/3-aminoi80propylaminoquinoline dihydrochloride 
(31 g.) (loc. cit.) was dissolved in water (15-20 o.c.) and, treat- 
ed with anhydrous sodium carbonate (4 g.) when the corresponding 
base was precipitated as a viscous sticky mass. After the addition of a 
little more than the theoretical quantity of ethyl iodide the mixture was 
refluxed fcJr hours on a water-bath. The alkylated product floated 
as an* oil smd was extracted with ether. The ethereal solution was 
dried over anhydrous |) 0 ^sium carbonate and a dry current of 
hydrochloric acid gas palsep through it when the dihydrochloride was 
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preeipitaiied but soon ooalesoed. The preoipitaie was next dissolved 
in a little absolute alcohol from which it crystallised out as a solid 
yellow crystalline substance readily dissolving in water to a clear 
yellow solution, m.p. 175®. (Found: N, 11‘75 ; Cl, 19’68. 
CxtHs^ONsCIs requires N, 11'66, Cl, 19‘72 per cent.). 

6- Methoxy-B-p-dimcihylamino\zopTopylo,minoquinoline dihydro- 
chloride. — 6-Methoxy-8-/S aminoi«opropylaminoquinoline dihydrpohlq- 
ride (4*5 g.) dissolved in water (12 c.c.) was refluxed on a water-bath 
^with NjCOa (6 g.) and CHgl (5*2 g.) for 2-3 hours. The dihydrochlo- 
ride was prepared as before. It is a yellowish brown crystalline conx- 
pound easily dissolving in water, m.p. 180®. (Found : N, 12'70;‘ Cl, 
21*38. CjsHjsONaClg requires N, 12*65; Cl, 21*88 per cent.). 

S-^-DimethylaminoiiQpropylaminoquinoline dihydrochloride was 
prepared from 8-/3-aminoto«opropylaminoquinoline dihydrocbloride 
(loo.cit.). It is a yellowish brown powder, m.p. 200-205®. (Found : 
N, 14*04; Cl, 23*40. C14H31N3CI8 requires N, 13'90; Cl, 23*51 

per cent.). 

B-Methyl-Q-p-dimethylamino\mpropylarpinoquinolinc dihydrochlo- 
ride was also prepared from 6-methyl-8-aminoi8opropylaminoquino- 
line hydrochloride, m.p. 210°. (Found: N, 13*22; Cl, *22*32. 

HjiaNsCl^ requires N, 13*29 ; Cl, 22*46 per cent.). 

2-Mcthyl-B-mcthoxy-&r^-dimeihylaminoisopTopyIaminoquinoline di- 
hydrochloride prepared from 2-methyl-6-methoxy-8-aminoi«opro 
pylaminoquinoline dihydrochloride in the usual way, melts at 218°. 
(Found: N, 12*00; Cl. 20*33. CjeHgsONaCla requires N, 12*14 ; Cl. 
20*52 per cent.). 

13-HydroxypropylS-aminoquinolinc hydrochloride. — Allyl-8-ami- 

noquinoline hydrochloride (1 g.) (loc. cit.) was warmed with fuming 
HBr (5 c.c.) on a water-bath for 15-80 minutes. Excess of HBr was 
partly removed on the water-bath in a basin and the cooled mixture 
was next made alkaline. i3.Bromopropyl-8-aminoqainoline was pre- 
c^itated as an oil and- was extracted with ether. The ethereal solu- 
tion was dried and the ether removed when an oily substance was 
- obtaineii which solidified on cooling and scratching and purified 
from alcohol. 

A mixture of /8-bromopropyl-8-aminoquinoline (1*2 g.) and water 
(10-12 c.c.) was gently boiled wi^ Na^COg (2 g.) for 8-4 hours and 
the oil that separated was extracted with ether. The hydrochloride 
was pr^ared as usual and crystallised from alcohol. It melts at 170- 
7a^ 
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That it is the )3-hydroxy derivative follows from the fact that it 
can as well be prepared by condensing chloroisopropyl alcohol with 
8<aminoquinoline in the usual way. It is thus proved that it is 
the jS-bromo-and jS-hydrozy-oompounds that are formed in the for- 
mer method. (Found: N, 11 ’80; Cl, 15‘00. CjaHisONjCl requir- 
es N, 11 '74, Cl, 14’88 per cent.). 

6-Ethoxy~^-hydroxypropyl-6 aminoquinolinc hydrochloride. — 6- 

Etboxy-8-n-alIylaminoquinolinc hydrochloride (0'5 g.) was treated 
with fuming HBr (5 c.c.) and was then proceeded with as above. 
The hydrochloride melts at 165® and is hydrolysed by water. (Found : 
V, 10 02; Cl, 12*32. C,4H,o02N2Cl requires N, 9*91; Cl, 12*56 
per cent.). 

6-Ji'LactylaminoquinoUne hydrochloride. -6- Ammoquinoline (0*5 g.) 
and ethyl lactate (0*8 g.) were heated together in an oil-b^th at 130® 
for 2^ hours. The mixture was cooled, treated with dilute hydrochloric 
acid and shaken with ether to remove oily insoluble matters. The 
aqueous solution was filtered, made alkaline and extracted with ether 
from which the hydrochloride was precipitated by passing dry HCl 
gas. It was further purified by crystallisation from alcohol. It is a 
light yellow crystalline powder which is hydrolysed by water, m. p. 
182-85®. It also results from heating the lactate of 8-aminoquinolioe 
at 175® for 2 hours. (Found : N, 11*21; Cl; 14*22. Cj 2 H| 302 NgCl 
requires N, 11*09; Cl, 14*06 per cent.). 

6-n-Lactylamino-6-ethoxyquinolinc hydrochloride was obtained 
similarly from ethyl lactate and 6-ethoxy-8-aminoquinoline. The 
hydrochloride which hydrolyses with water melts at 177®. (Found; 
N, 14*02; Cl, 18*21. C, 4 Hit 05 N 2 Cl requires N, 14*26; Cl, 18*06 
per cent.). 

Thb BaABuAcBARi Bbssabcb iNSTrrc/'Ts, 

82/3, OoRNWAUJS Stbbbt, Received February 27, 1932. 

CAiiOimA. 




Dyes Derived from Phenanthraqainone : Flnorenopbe- 

nanthrazines. 


By Pauesh Chandra Dutta, Damodar Prasad and Satish 
Chandra Db. 

In continuation of the work of Watson and Dutt on phenanthra- 
phAnazines (J. Chem. Soc,, 1921, 119, 1211) and Sircar and Dutt 
on phensHithranaphthazinee (J. Chem, Soc,, 1922, 121, 1944), the 
present investigation was undertaken with a view to study if the 
.complexity of the ring has any deepening effect on the colour of the 
monoazitie dyes. The present communication deals with azine dyes 
obtained by condensing phenanthraquinone and its derivatives with 
1 :2-diaminofluorene (Diels, Schill and Tolson, Brr., 1902, 35, 3284). 
The compounds prepared are all deeper in shade than those of the 
corresponding phenanthraphenazines and the pbenanthranaphtha* 
zines.* For the sake of convenience a comparison of the colours of 
dyeings of wool of some of these classes of compounds is given 
in Table I,. 


Table I. 


Name of the compound. 

A-Nitfophenanthranapblhazino 
Flaoreno-i-nitropbenantbrazme 
4 :5-DinitrophenaDthraDaphthaziDo 
Fluor6no-4 :5-dinitropbeoanthrazine 
2*AminopheDanthraphenaziDo 
Fiuor6no-2. aminopheDanthrazine 
2-HydroxypbetiantliTanaphthazine 
Flaor6no-2-bydroxypbeDaDtbrazine 


Colour of tbe dyeing wool. 

Light yellow 
Deep brown 
.. Yellow 

Chocolate 

Yellow 

.. Chocolate brown 

.. Yellow 

Chocolate 


The compounds dissolve in concentrated sulphuric acid with a 
deep blue colour axkd the original dyes are reprecipitated by the* 
addition of water and in this condition they are well suited for dye- 
ing on *wool from an acid bath. They are characteriaed by their 
higli melting points and their sparing solubility in alcohol and acetic 
acid. 
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The structure of these compounds can be represented by the 
following general formula. 



For the sake’ of abbreviation the preparation of only one of these 
compounds is described and the rest, except the 2-amino- and the 
4-amino^ompounds where in place of acetic acid absolute alcohol 
was taken, being prepared In similar mannered their properties 
recorded in Table II. 


Experimental. 

Fluorenophenanthrazinc , — Molecular quantities of phenanthra- 
quinone and 1 :2-diamiaofluorene in acetic sicid solutions were mixed 
together and boiled for 1 hour when the substance separated out as a 
greenish-brovwi crystalline precipitate which was filtered, washed 
with acetic acid and alcohol and recrystallised from nitrobenzene in 
thin brown needles, m. p. 279-80°. It is insoluble in alcohol, 
sparingly soluble in acetic acid and moderately soluble in pyridine. 
It dissolves in concentrated sulphuric acid with a blue colour and 
dyes wool in yellow shade. 
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Studies in Chemotherapy. Part III. (Attempts to 
Prepare Antimalarials). Derivatises of Gotarnine. 


By Qubcharan Singh 'Ahldwalia, Basheshar Das Kochhab 
AND JSanendra Nath BAy. 

• In the report of Opium Commission of 1893 (Government of 
India) it is stated that opium may have an antimalarial action. 
Narcotine is stated to resemble quinine in its tonic and anti-periodic 
properties. Gordon (Indian Annals of Medical Science, ^oL VII) 
confirmed the prophylactic value of narcotine. But recently Chopra 
and Knowles (Ind. J. Med, Res,, 1930, 18, 5) have 

arrived at the conclusion that narcotine has no curative or pro- 
phylactic value in malaria, even in large doses. At the suggestion 
of Central Board of Revenue (Government of India) the present 
investigation of converting narcotine into a febrifuge* preferably 
an antimalarial, was undertaken. 

Cotarnine has now been condensed with phenols, e,g., phioro- 
glucinol, resorcinol and pyrogalloi, the reaction proceeding with 
diminishing ease in the order given. It has been established 
(Ahluwalia, Narang and Ray, J. Chem, Soc., 1931, p. 2057) that in 
these condensations probably the nuclear hydrogen atom of the 
phenol^moiecule takes part. Anhydrocotamine-resorcinol (I) or (lA) * 
has now been found to have antipyretic action favourably com- 
parable to quinine and its toxic action to paramoecium (cf, its 
structure with hexyl resorcinol) is greater in equivalent dilution 
than quinine. The details of these experiments will be published 
elsewhere. Cotarnine also condenses with l-phenyl-S-methyl- 
pyrazolone, 3-methylpyrazolone, 3 : 5-dimethylpyrazole, 3-methyl- 
5-phenylpyrazole» 1 :fi-diphenyl-8-methylpyrazole to give cefrrespond- 
ing anhydrocotaminopyrazoles. In the formation of these substances 
(III) probably a carbon to carton linkage is established since* 
1 :5-diphenyl-8-methylpyrazole (II) can only react if such is the 
case, 

* Certain reeulta obtained aioce the paper was written up indicate that the 
anbatanee may alco be (IA)« ^ ^ 
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CH. 


°n/Vch /nhm« 

MeO I : 



/O 


OH 


(I) 

HC CMe 

II tl 

Ph-C N 

NPh 

( II ) 



(lA) 


MeO I 

C— 0-Me 
II II 
Ph-C N 




NPh 

(III) 



FouldB and Robinson (J. Chem. Soc., 1914, 106, 1970) also 
assume that in the condensation of cotarnine with a-metbylindole, 
neither the imino group nor the methjl group was involved but the 
condensation took place at the /3-carbon atom of the indole nucleus. 

Hope and Robinson’s anhydrocotarnino-p~nitrotolucne (J. Ohem. 
Soc., 1911, 99, 2114) has now been reduced to the corresponding 
amino compound and from it a new alkaloid (IV), which may be 
regarded as belonging to laudsnosine group has been prepared. ' 


CH, 


<1 


CH, 
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Certain of the above compounds have been tested in respect 
of their antimalarial action. The numbers given in parentheses 
in the experimental portion, are to facilitate reference to biological 
tests. The antipyretic properties of the compounds described in 
the paper has been investigated. The results are given at the end 
of the paper. The antimalarial properties are being studied. 

Experimental. 

Oxidation of Narcotine to Cotaminc. 

• The following process worked better than the method given by 
Bakshit (J, Chcm, 8oc,, 1918, 118, 469). 

Nitric acid (d 1*4,66 g.) in water (160 c.c.) was heated till 
^the temperature was 49®. To this finely powdered narcotiiife (20 g.) 
in small portions was added with vigorous shaking, the whole 
operation lasting hours, the temperature being maintained at 
40® all the time. The felt-jacketed reaction vessel, which may 
also be a thermo-fiask, was set aside for 12 hours, and then the 
solution filtered from the oily deposit. The strongly cooled filtrate 
was basified with concentrated sodium hydroxide solution, the 
precipitated cotamine collected, washed with ice- water, dried and 
crystallised from benzene, m.p. 132®, yield 10‘6 g. The mother 
liquor furnished opianic acid on acidification. 

Anhydrocoiarnino-resorcinol (I) : 1(2' :A^-Dihydroxyph.vnyl) 
hydrocot amine (R 76). 

A iqixture of resorcinol (2*2 g.), cotarnine (4*7 g.) and alcohol 
(absolute, 62 c.c.) was warmed on the steam bath at 40-45® for 
16 minutes. The pale yellow crystalline deposit well washed with 
alcohol, was collected after standing some time, yield 6 g. (c/. 
Liebermann, Ber,, 1904, 37, 2744). The substance does not dissolve 
in benzene and ether but dissolves readily in.dilute acid and alkali 
solutions without hydrolysis. (Found: N, •4*3. C^ 8 H|t> 05 N 

Inquires N, 4*3 per cent.). * 

The substance (2 g.) was mixed with iV/2-HCl solution (12*2 c.c.) 
and the clear solution cooled when the hydrochloride (R 77) crystal-* 
Used out in short prisms, m.p. 240®. (Found; N, 4*1. CjsHioOsN. 
HCl requires N, 8'8 per cent.)* 

The substaooe in^ 1 : 16.000 dilution completely arrests the 
movement of paramfecium and kills 20 per cent, in 54 hours 
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whilst quinine is without effect at the same concentration 
on the same strain of paramoecium. The substance decreases 
the tone and amplitude of the contractions of muscles and produces 
an immediate contraction in isolated uterus and thus differs from 
ootamine which causes slow tonic contraction. The uterus does not 
relax after washing with Binger’s solution, as is the case with adre- 
naline; thus it resembles quinine hydrochloride. The substance has 
no effect on the shape of contraction of striped muscle. In a dilution 
of 1:10,000 to 1 : 50,000 it causes diostalic dilatation with decreased 
amplitude of contraction of the cardiac muscle; the frequency is also 
decreased which is followed later on by impared conductio i ' of 
impulses resulting in partial or complete heart block. However, the 
vagus eudings are not involved in the effect of the drug on heart, 
therefore, <it directly acts on the cardiac muscles. 

l-i2':3 :4 frihydroxyphenyl) hydrocotarninc (R 91) similarly pre- 
pared from pyrogallol (2*5 g.) and ootamine (4’7 g.) in alcohol (15 13 . 0 .) 
had m.p. 211'*. (Found N,4‘2. CigHigOgN requires N, 4‘1 percent.). 

l-{2 : 4 : 6- Trihydroxyphenyl) kydrocotamine (R 87), m.p. 170". 
and the hydrochloride, m.p. 185° (decomp.) were similarly prepared. 
(Found :N, 3*4. CigHi^OgN, HCl requires N, 3*7 per cent.). ' 
Anhydrocotarnino-l.phenyUB methylpyrazolone (R 88) (formula 
analogous toll!.) — A mixture of l-phenyl-S-methylpyrazolone (3-5 g.) 
in absolute alcohol (20 c.o. containing sodium ethylate from 0*2 g. 
of sodium) and ootamine .(4-7 g.) was be ited on the steam-bath till a 
clear solution resulted, then on standing a colourless crystalline 
material deposited, m.p. 177°, yield 6*7 g. (R 7.J). 

The substance is insoluble in benzene, acetone and chloroform but 
is soluble in hot alcohol and with decomposition in hot water. At 
155°, the substance becomes brownish yellow. (Found :N, 10 5. 
C82H2304N3 requires N, 10*7 percent.). 

Similarly, when a solution of 3-methylpyrazolone (2*0 g.) in hot 
alcohol (lOc.c.) was. sidled to a hot solution of cotarinine (4*7 g.) in 
alcohol (15 C.C.), the corresponding anhydrocotarninopyrazolone, 
m.p. 199" • (decomp.) crystallised out on standing. The substance^ 
is phototropic. It dissolves to a colourless solution in hydrochloric 
acid without apparent decomposition. (Found :N, 18*5. OioHmO^Ny 
requires N. 13*8 per cent.). 

3 :5~Dimethylpyraeole (8 g.), prepared from acetylacetohe apd 
hydrazine hydrate, when interacted with a hot soIuti(ni of ootamine 
(4 g.) in alcohol furnished]^ anhydTomtamifo-^3 :5-diinethylpyra»oie 
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after staading 4 hours, m.p. 14(3^ after Vecrystallisation from 
aloobol. (Found: N, 13*6. C 17 H 21 O 3 N 3 requires N. 13-3 

per cent.). Anhydroootarnino-‘3^inethyl-5‘phenylpytostol€, m. p. 
146^ after changing colour at (H 95) was eimiiariy prepared 

from the corresponding pyrazole, (Found :N, 11 *4. C. 22 H 2 HOgN 3 
requires N, 11*2 percent.). 

Anhydrocotarnino-l :5-diphenyl-3-methylpyTazolc (R 98) was depo> 
sited from a warm solution of cotarnine (5 g.) and 1 ;5-dipbeny!-3-me- 
thylpyrazole (5 g.) in absolute alcohol (15 c.c.) after standing for 1 
hour and had m. p. 148° after crystallisation from alcohol. (Found:* 
N, 9*0. C 28 H 27 O 3 N 3 requires N, 9*3 per cent.). 

Anhydrocotarnino-p nitrotolacne can be obtained in a good yield by 
the following modification of Hope and Robinson's process {loc, cit.), 
Cotarnine (10 g.), and p-nitrotoluene (15 g.)in dry alcohol (JOO c.c. 
cfbntaining sodium ethylate from 1 g. of sodium) was warmed at 
40-45° for 15-20 minutes. The product* obtained after standing 12 
hours bad m.p. 121°, yield 8 g. No difficulty was esrperienced in 
reducing the substance (cf, however, Gulland and Virden, J, Cheni, 
80 c,, 1929, p. 1793). The nitrocompound {9g.) was gradually added to 
a mixture of stannous chloride (18 g.) hydrochloric acid (d 1-16, 36 
c.c.) water (30 c.c.) and was shaken for 20 hours at 28-32°. The 
clear filtrate obtained after dilution with water furnished the amino 
compound when strongly basified with sodium hydroxide solution. 
The substance separates as pale yellow needles, m. p, 95° from hot 
dilute alcohol, yield 6*8 g. (Found:N, 8 - 6 . C|oH 22 ^ 3 N 2 requires 

N, 8*6 per cent.), 

Anhydrocoiamino-p-hydroxytoluene (IV, R 90). — A solution of 
anhydrodotarnino-p-aminotoluene (3*5 g.) in sulphuric acid (20 c.c. of 
10 p. c.) was diazotised with a solution of sodium nitrite (0-7 g.) 
in water (3 c.c.) at 0°. The mixture was allowed to stand at room 
temperature for a few days, then made alkaline with sodium carbo* 
nate, and the precipitated phenol thrice crystallised from hot 
dilute alcohol (charcoal), m. p. 191°. (Found*:N, 4 6 . Cj 9 H 2 i 04 N 
requires N, 4*3 per cent.). , 

AnhydroootarninQ-p-phenctidide (R 96) was obtained from 
cotarnine (4*7 g.), pbenetidine (2*^ g.), alcohol (15 c,c.) and sodium 
(0*1 g.) by gentle warming for ^ hour and then standing for 3-4 hours. 
The yield ^8 much poorer without sodium ethylate. Reorystallised 
from* a mixture of benzene and iigroin it melts at 126°, yield 4*2 g. 
(Found :N, 020 ^ 04 ^ 4^9 requires N, 7*9 per cent.). 
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The hydrochloride , m, p. 289“ (after crystallisation from 
methanol) vas obt siaed from the benzene solution of the base by 
hydrogen chloride at 0“. Similarly anhydrocotamino-o-phenetidide 
(R 97) m. p. 126“ was prepared from o-phenetidine in a 86 p. c. 
yield, care being taken not to prolong the heating beyond hour. 
(Found: N, 8'1. Calc. N, 7'9 per cent.). 

Anhydroootamino-p-anisidide , m. p. 124“ (Pound: N, 8 ’3. 

requires N, 8-2 per cent.) and the o-anisidide, m. p. 
184“ (Found : N, 8-3 percent.) were prepared from p- and o-anisidine 
respectively. 

Pharmacological. 

(With Dr. Khbm Singh Graval, M B.. B.S., Ph.D. J 

Tablb T. 

Effect of Different Dilutions of the 2' :4'-Dihydroxyphenylootar- 
nine Hydrochloride and Quinine on Paramoecium in 24 hours. 


Dilution. 

2^ :4'-DihydroxyphenyK 
bydrocotarnine byf&ochloride. 

Quinine hydrooblo 

1 ;40,000 

All dead 

All dead 

1 :50,000 

do 

do 

1 :76,000 

do 

do 

1 :100,000 

do 

do 

1 :160,000 

20% dead 

All alive 

1 :mooo 

All alive 

do 


Table II 


Effect of 2' :4'-Dihydroxyphenylootamine Hydrochloride and 
Quinine Hydrochloride in higher Concentratirns on Paramoecium, 


Concentia. 
tion of the 

Movements become sluggish. 
Time in minutes. 

Death 

Time in minutes 

drag need. 

2' :4'-Dihydroxy- 
phenylcotaroine 
hydrochloride (R 77). 

Quinine 2 

hydrochlo- 
ride. 

' ;4'—Dihydroxy- 
phenylcotarnine 
hydrochloride. 

Quinine 

hydro- 

chloride 

1 :600 

At onoo 

At once 

At once 

At once 

, 1 :1000 

do 

0-88 

1-3 

0-6 

1 :2000 

0*6 

1*0 

2—2*6 

1*3 

1 :aooo 

VO 

. 1-6 

4*0 

2*0 

1 :4000 

2*0 

80 

6*6 

8*6 

1 :8000 

60 

8*0 

, 22*0 

10*0 

1 :16000 

9*7 

isq , 

0 wo 

98-88 
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Tabus III. 


Daily Beootd of the Beotal Temperature of Babbits in F**. 


Rabbits marksd. Date* 

8 A«M. 

11 A.M. 

2 P.M. 

6 P.M. 

A 

Much 6tb 1981 

1021 

102*2 

102-0 

— 


rib 1981 

102*4 

101-7 

102*2 

103*2 


8tbl9ai 

101-8 

101*4 

102*8 

102-4 


9tbl931 

102-0 

109-1 

102-8 

103*0 

B 

6th 1981 

102-2 

102-2 

102 2 

— 


7th 1931 

102-0 

101-4 

101-9 

102-3 

• 

8th 1931 

101-9 

101-4 

102-0 

101 4 


9th 1981 

101-2 

101-7 

101 -0 

102*2 

C 

6tb 1931 

102-0 

101-8 

102*0 

— 


7th 1931 

102'0 

101*1 

101-6 

• 101-6 

* 

8th 1931 

101-3 

101-4 

102*7 

102-2 


9th 1931 

101*8 

102-8 

101-6 

102-8 

D 

6th 1981 

101-7 

102-3 

102*6 

— 


7th 1931 

102*7 

102*1 

102-3 

102-7 


8tb 1981 

102-4 

101-9 

102*8 

102*7 


9th 1931 

102.0 

102-9 

102-6 

103-0 

E. 

6th 1931 

102*0 

101*8 

101*4 



7th 1931 

101-4 

101-1 

101-4 

lori 


8th 1981 

101-8 

101-2 

101-4 

101-6 


9th 1931 

101-6 

101-2 

101*0 

101-6 


Table IV. 


Change in temperature after injecting 4'o c.c. of bacillus coli. 
communis emulsion subcutaneously in the left thigh at 9*80 A.M. 
and the drugs (100 mg.) injected subcutaneously in the right thigh at 


2 P.M. Temperature is shown in F“ 

and the weight 

in kilos. 


g 

A. 

B. 

C. 

D. 

B. 

g} Weight 

... 1*64 

1*46 

1*7 • 

• 

1*1 

1-6 

9*80 A.M. 

109*2 

102*2 

102*6 

102*6 

^01-6 

10*80 

109‘4 

102*6 

102*6 

102*9 

101-6 

1100 

102-6 

103*8 

108*2 

103-2 

U)l-8 

11*80 

108-8 

106*0 

ioe-7 

104*6 

108-0 

1200 

104*6 

106-2 

104*5 

104-8 

104-0 

12-80 P.M. 

104-7 

106-0 

106*8 

106*0 

104-4 

i-oo 

104*8 

106-0 

106-6 

105-4 

106-0 

2H)0 

104'4 

, 106-0 

106*6 

106*5 

103-0 


7 
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Tablb IV—^oontd.). 



Aspirine. 

QominiBe 

hydxo- 

wloride. 

y :4' Di. 
hvdroxj* 
pBenylcotar- 
sine hydro- 
ohiori&. 

Gdarnise 

hydroehlo* 

ride. 

p.Bihoay* 

aminoplMyl* 

ootamme 

hydrodiloxida* 

2*80 P.M. 

104*0 

104*6 

104*6 

106*2 

104*2 

8*00 

108*8 

103*5 

104*8 

104*6 

108*8 

8-80 

103*0 

102*8 

103*4 

104 7 

104*0 

4*00 

108*0 

103*0 

108*6 

104*8 

104*1 

4*80 

103*0 

108*1 

103*6 * 

104*8 

104 2 

5*00 

108*0 

104-1 

1C 3*7 

105*3 

104*8 

5-80 

102*8 

104*2 

104*2 

105*4 

104*0 

600 

103*0 

104*0 

104*4 

106*4 

108*9 

6*80 

108*0 

104*0 

104*0 

106*5 

104*0 

700 

108*0 

104*2 

104*2 

105*7 

103*9 

7*30 

103*0 

104*4 

104*2 

106*2 

103*8 

8*00 

108 0 

104*7 

104*3 

105*0 

103*8 

8*30 

102*1 

104*8 

104*2 

105*0 

103-8 

9*00 

102*1 

104*6 

104*1 

104*9 

103*8 

1000 

102*0 

104*0 

103*8 

108 6 

ia3‘8 


Table V. 

Effect of Injecting 2' :4'-Dihydroxyphenylootarnine Hydrochloridi 
in the Ventral Lymp Sac of the Frogs. 


Weight of the 
frog. 

Pose per 
Kg. 

Dose per 20g. 
body weight. 

Actual dose. 

Result. 

20 g. 

0-10 g 

2g. 

0*0020 g. 

No effect 

80 

0*10 

2 

0*0030 

do 

40 

0*10 

2 

0*0040 

Respiration slowed. 

40 

0*10 

2 

0*0040 

No effect. 

30 

0-16 

3 

0*0046 


16 

0*16 * 

3 

0*0028 

do 

30 

0*16 

3 

0*0046 

Respir lotion slowed. 

25 

0*16 

3 

0-0087 

No effect. 

25 

0-20 

4 

0*0060 

Recovered. 

15 

0*20 

4 

0*0024 

do 

27 

0*20 

4 

0*0064 

Recovered. 

15 

0*20 

4 

0*0080 

do 

40 

0-36 

6 

0-0100 

do 

46 

0*25 

6 

0-0106 

do 

00 

0*36 

6 

0-0076 

Dead in 20 hrs^ 

26 

0*26 

5 

0*0066 

Recovered. 

20 

0*26 

5 

0*0050 

do 

12 

0*25 

6 

0-0080 

Dead in 7 bra. 

66 

0*86 

7 

0-0192 

]>eadin6 

26 

0*36 

7 

0MGe7 

Beeovesed. 

80 

0*85 

7 

0-0106 

Dead in 5 hie . 

85 

0*86 


p ern 

■t ■ V 

1^ in 6 be. 
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Temperature Coefficients of Photochemical Reactions. 

By N. R. Dhar and W. V. Bhaowat. 

Id several publications from these laboratories (Mukberji and 
Dhar, J. Pfe/ya. Ghem., 1929, 33, 850; Bhattaoharya and Dhar,^2. 
anonj, Chem., 1928, 176, 372; J. Indian Ghent, 8oc,<, 1929, 6 , 148; 
Verma and Dhar, Z, anorg, Chcm,t 1929, 184, 90; Bhagwat and 
Dhar, Z. anorg. Cheni., 1931, 197, 23 ; Malaviya and Dhar, Z, anorg, 
Ghent,, 1931, 199, 400), it has been shown experimentally that the 
temperature coefficient of a photochemical reaction is always less 
than that taking place in the dark. Moreover, it has been observed 
with numerous photochemical reactions taking place in radiations of 
different wavelengths that the temperature coefficient of a reaction 
depends on the acceleration of the reaction on illumination. The 
greater the acceleration of a reaction in light, the smaller is the value 
of its temperature coefficient. It has been emphasised in our pubii- 
cations that the induence of temperature, of light and of a positive 
catalyst on a reaction appears to be identical. 

In this communication we shall deduce a relation by which the 
temperature coefficient of a photochemical reaction can be predicted 
from the temperature coefficient of the dark reaction and its photo< 
chemical acceleration at a definite temperature. Moreover, we 
shalk critically examine certain views expressed in recent years corre- 
lating velocity and temperature of a photochemical reaction. 

Arrhenius (Z. phys, Ghent,, 1889, 4, 226) formulated the fol- 
lowing empirical relation for the velocity coefficient of a thermal 
reaction at two temperatures from considerations bsised on the exist- 
ence of active and inactive molecules in a system. 

K, =K, e* 

f'i • I 

Muroelio (Compi. rend., 1.913, 187, 1419; 1914, 188, 116, 407; 
Ann. Phyaique, 1915, ix, 3, 120), and Rice {Bril. Aaaoc. Rep., 1915, 
p. 827} by applying slatistical mechanics arrived at; the same 
ccmolusion. 

The inBuence oftlight on a reaction appears to be similar to that 
of temperature oo ^he tame reaction and coneiets in increasing the 
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otimber of active molecules. Hence it is possible to connect the 
amoimt of activation or acceleration due to light in terms of tempera-^ 
tore effect. Assuming that the intensity of light remains the same 
when the temperature is varied, the photochemical effect in terms of 
temperature remains constant. Thus from the knowledge of the dark 
velocity coefficient and the photochemical acceleration at one tem- 
perature, it is possible to calculate the photocbemical velocity coeffi- 
cient at any other temperature. Moreover the thermal temperature^ 
coefficient can directly be connected with the photochemical tempera* 
t\iS coefficient. 

Let be the dark velocity coefficient at temperature and 
be the dark velocity coefficient at temperature where — Tj =10. 

Let K\ be the light velocity coefficient at temperature Tj (all 
temperaturoB are expressed in absolute scale), then 


or A = sc, where x = 

10 ii -| 


also log ^ =log = ) 


where is the temperature of the dark reaction corresponding to 
the photochemical velocity coefficient K ^ , then 

r ^ Tr.T^logx 

T 2 .l 0 g X — 10 log y ‘ 

Hence the photochemical acceleration corresponds to the rise in 
temperature 

T — T — s 10 T I log y 

^ " Tg logx^lOlog y’ 

Therefore tjhe photochemical velocity coefficient at is equal to the 
dark velocity coefficient at Tg + — Tj . 


T\ log e.log y 


vTI»a« 
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Hence the iemperature coefficient of a photochemical reaction 


it'.-K. -g. / ."*’’-l \ 

g', -g, g. V.'<«'-l/ 


where Jog m = 


8 

log 10® log y 


K 

^liere is dark temperature coefficient* 

K| 

The applicability of this relation has been tested by modifying 
this equation. When the photochemical acceleration is smidl, 

2 

J.0® log y can be neglected compared to T| log a?. Hence 

y2 

log m = "V y- equation can be written as 

Tg 



p ‘Of? 

=a*Y£!: 

Ki V g“>8y _ 1 / 


and the value of K can be calculated when we know both the tem- 
perature coefficients of the dark and photochemical reactions. If the 
value of K is unity it is clear that the equation holds good. It has 
been observed that for small accelerations in case of numerous re- 
actions and for various wavelengths the value of K varies froinJ3*97 
to I'Ol. This relation has been found to be applicable to the follow- 
ing photochemical reactions : Sodium malonate and iodine, potas- 
sium oxalate and bromine, citric acid and potassium permanganate, 
bleaching of dicyanio, sodium formate and iodine, chromic acid and 
oxalic acid, sodium formate and mercuric chloride, sodium potassium 
tartrate and bromine, quinine sulphate and chromic acid, potassium 
permanganate and oxalic acid, sodium lactate and iodine, sodium 
tartrate and iodine and many other reactions. This relation holds 
good when the photochemical acceleration ^is small, but appears to be 
inapplicable in some cases where the photochemical acceleration is 
very high. 


The equation 


T\ log ac log tf 

K' -g.'^rv ' 
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shows not only that smaller the photochemical acceleration over the 
dark reaction, the greater is the photochemical temperature ooeffi- 
cient, but it also shows that it approaches the dark temperature co- 
efficient more and more and in the limit it is equal to it and can 
never be greater than the dark temperature coefficient. 

It follows from the law of photochemical equivalence first enun- 
ciated by Einstein that the temperature should have no effect on the 
velocity of photochemical reEtctions. In deducing this law, Einstein 
has made the assumption that all the molecules in a system possess 
th^same amount of energy and are in the same state of activation. 
It is clear from Maxwell’s law of distribution that all molecules can 
not possess the same amount of energy. Moreover, the kinetic energy 
of the molecules increases with temperature. It appears, therefore, 
that Einstein's law of photochemical equivalence cannot explain the 
observed temperature coefficient of photochemical reactions. 

In order to explain the influence of temperature on the velocity 
of a photochemical reaction, it is generally assumed that molecules 
which have absorbed a quantum of light of stated frequency are 
often only activated if they already possess, before absorption, energy 
greater than a critical limit. If we represent by 'e* the critical 
increment, that is, the amount of energy which must be given to a 
molecule to render it chemically active, the thermal acceleration of 
the reaction taking place in the dark is given by 

d\ogK _ Ne 
d 'RW ' 

In order that a molecule can oe brought into active state by a quan- 
tum of light, its energy must exceed the molecular energy by at least 
e — hy. The velocity of the thermal acceleration of the photochemical 
reaction is thus expressed by the equation 

dlog K _N(e — hy) 

V dT bT* 

According to this formulae the thermal acceleration is less for the 
photoohemioal reaction than for the same reaction carried in the 
dark. Tolman (J, Amer. Chem. 8oc. , 1028, f 8> 2285) has come to 
the conclusion that the temperature coefficient of a photochehaical 
reaction is unity when the average energy of the reacting system is 
the same as the average energy of the reacting /noleoules and this 
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is actaaily the assumption made by Einstein in deducing his law of 
photoofaemioal equivalence. 

Recently A. Berthoud {Trans, Faraday Soc., 1981, 27, 486) 
from considerations based on the limiting energies of molecules 
obtainable by integrating Maxwell's formulfie, has taken objection 
to the above equation, because it leads to the view that the 
velocity of a reaction ought to increase very rapidly with the 
frequency and to become independent of frequency after a limiting 
value of the frequency. But this is not supported by experimental 
results. In almost all photochemical reactions, increase of the* 
quaptum yield is observed in a very wide spectral zone with increase 
of frequency. 

Bodenstein (Z. Phys. Chem., 1913, 85, 318) suggested that for 
the occurrence of a photochemical reaction, it is necessarj^to have 
not only the activation of light absorbing component of the reacting 
system but also an activation of the other reactant is essential. 
According to Bodenstein this activation should be possible by the 
energy of the thermal agitation. Hence the photochemical reaction 
taken as a whole becomes sensitive to changes of temperature. It 
is cleas from the above view of Bodenstein that the temperature 
coefficient of a thermal reaction should be higher than that of photo* 
chemical reaction, because in the thermal reaction the activation 
of both the reactants is due to the supply of thermal energy. 

It is difficult to conceive that out of two types of reacting mole- 
cules, one type only will be affected by increase of temperature. It 
seems more plausible to assume that the amount of energy absorbed 
by one type of molecules is different from that taken up by the other. 

Let us consider a reaction of the type. 


Let us assume the amount of light taken up by the two types 
of molecules to be different and and Kj, the energies 

absorbed where + the total light absorbed by the reacting 

system. Let the energy due to temperature of 

which X is the amount thkqn up by A type of molecules 
and p by B type of molecules. Let s be the energy due to tern* 


perature 


then 


MX 

x^y 


wHl be taken by A type 


of molecules and 


wfll be 


taken by i|te B type of moleealeB. 
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If t^i and are the dark ireloeity <k)6ffleteRta oorreapondiog 
to the temperatures 7, and and i^| and are the photo- 
cdiemioal velocity coefficients for the same temperature, then the 

tempenifcure coefficient of the thermal reaction ss; I — ?L] 

Vi \x^yf 


and the temperature coefficient of the photochemical reaction is 
given by 


- ^ 2 _ iifq. gfe. ix^y)^K^. y .M.^Kg,. z.x. 

v^i-vi “ (Ka- {x + y) 


This is maximum when either Ka or Kt equal to zero, and the 

above equation becomes s= . (j) 

(x + i/) 

Hence the photochemical temperature coefficient is always less than 
the square root of the dark temperature coefficient. If we 

get 


~-t?2 _ A'-^2z 

tj' j — V 2 -h 2(a? 4 yj 


This value of the temperature coefficient is less than (i). When a 
reaction is studied in almost monochromatic light, we actually ob- 
serve the validity of the equation (i) and hence we may conclude in 
such cases that in this particular wavelength only one type of mole- 
cules is affected. The validity of equation (li) is observed in reactions 
studied in composite light. This is quite obvious because in *compo* 
site light there are various wavelengths affecting all types of mole- 
cules present. If only one type of molecules be affected by light 


and the other by temperature alone, then 


v'9-va 

V'l-Vj 


=s H» s= the 

»i 


dark temperature ooeMoient. This however, is not supported by 
experimental observations. Hence the assumption of Bodenatein 
that only one type of molecules is activated by temperature and 
the other only by light seems incorrect. 

Very recently Young and Style .(Tran,. Faraday 800 ., 
1981, 27, 404) have advanced the view that the increase in the 
extinction coefficient with temperature is one of the causes of 'the 
temperature coefficient of quantum yield, and liie eo-worken 
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bsve aotually obsenred that the extinction coefficient increaeee with 
temperature. But this can not be the cause o{ increased quantum 
yield with tOTiperature. Contrary to the statement of Young and 
Style, (loe. oH.) Bhattaoharya and Dhar (loc. cit.) have shown that 
the quantum yield falls with the increased absorption. This will be 
clear from some of their results given below : — 


Dismeter of Qaantom 
the aperatare yieW. 

No. Source of light. Reaction mixture. Temp, of the iris- 

diaphragm in 






cm. 


1. 

iV 

1000 wait lamp 20% Cane sugar (15 c.c.) and - ^ 

20 

85’ 

2 

16‘5 X 10» 



HCI (6 c.c.) 




• 

• • 

• • 


0*8 

19*2x10* 

2. 

4725 A 

Br and 43% 

20* 

2 

6*2 



methyl alcohol (10 c.c. each) 


0*8 

7*9 

3. 

4726 A 

• 

Br and 25% 

20* 

2 

3*2 


t * 

ethyl alcohol (10 c.c. each) 

»» 

08 

4*6 


4726 A 

N 

49% Acetone (5 c.c.) gg iodine 

31* 

2 

41 


, • 

(10 c.c.) and HCI (6 c.c.) 

9 42 

»* 

0*8 

53 


Similar decrease of quantum yield with increase of light intensity 
has been observed with several other photochemical reactions. 

The foregoing results show that the quantum yield decreases as 
the amount of light falling on the reacting mixture is increased. It 
has been observed that the amount of absorption is directly propor- 
tional to the amount of the incident radiation. Hence we can 
conclude that greater the intensity » the less "is the quantum yield. 

The reason of this decrease in quantum yield with increased absorp* 

* 

tion of intensity is not far to seek. In a paper (Z. anorg, Chem., 1981 . 
199, 406) concerning the relatio^ between light intensity and velocity 
of photochemical reactions, we have shown that the amount of 
activation for the same increase of intensity or absorption falls as the 
intensity or absorption is increased and hence the amount of reaction 
per unit of absorption^r quantum yield falls as the absorption or 
intensity increases. Thus the conclusion of Young and Style that 
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inoreased absorption with rise of tempreature is one of the causes ot 
uu»eased quantum yieid seems to be incorrect. The fact that the 
photochemical temperature coefficient is partially governed by the 
thermal one indicates that the mechanism of the photo-reaction is 
more or less allied to that of the dark reaction, although the increased 
light absorption with temperature increases the internal energy and 
chances of collision and thus the mechanism of the photo-reaction 
may be modified. 


Summary. 

The temperature coefficient of a photochemical reaction can< be 
calculated from the temperature cofficient of the dark reaction and 
its photo<acceleration at a definite temperature. 

Tolmttn’s conclusion that the temperature coefficient of a photo- 
chemical reaction is unity when the average energy of the system in 
the same as the average energy of the reacting molecules, is inherent 
in Einstein’s deduction of the photo-equivalence law. 

Bodenstein’s suggestion that out of two reacting molecules only 
ono type of reacting molecules is activated by absorption of light and 
the other type by temperature only leads to conclusion unwarlanted 
by experiments. 

Increased light absorption with increase of temperature cannot be 
the cause of the increased quantum yield with increase of tempera- 
ture. Besults obtained in this laboratory show that the increase of 
light absorption leads to a decrease of the quantum yield and this 
can be satisfactorily explained from our view point that the number 
of molecules available for activation by light absorption decreases 
vrith increased absorption. 


CBUUOAt lUBOSATOBl, 
Dsivxasm op Ai.i.ahabap 
Auababad, Isdu. 


Rteeived April 28. 1983. 



Diamagaetism in EYidence of I. P. of Niton. 

By SosiL Chandra Biswas. 

By using an apparatus almost similar to that used by Hertz and 
Kloppers in determining the ionisation potentials of rare gases, 
Holweok and Wertenstein {Nature, 1930, 126, 433} determined the I.S. 
ofmiton. Their method was to neutralise the negative space charge 
by accelerated positive ions from a subsidiary cathode. The quan- 
tity of niton used in their tube was of the order of 300 milli-curies 
, giving an effective pressure of about 0*8 bar. At such low^iressures, 
the number of ions produced by a-rays was negligibly small and thus 
it was believed that the gas behaved like any other permanent gas. 
They indicated I. P. for niton at lO'O volts. Kasmussen {Z. Physik, 
1930, 62, 7 , 494) examined the spectral relations of the radium 
emanation in a discharge tube with admixtures of He, Ne, and A. 
Witlf He and Ne mixtures, only the spark spectra appeared while with 
A-mixture, only the arc spectra were noticed. The lines of the arc 
spectrum were arranged in series and a number of strong terms and 
two resonance lines were noted. From this the series limit computed 
was P0=1O*7 volts. Evidently the process involved in this mode of 
excitation is due to a collision of the second kind which means that 
the reaction takes place between the radium emanation and the ex- 
cited A atom raised to its metastable state (11 '7 volts) or to its 
ionised state (15*5 volts); the more probable energy state to which 
niton is raised is to be determined by the close resonance between the 
energies of the exciting and the excited states. It is thus not alto- 
gether unlikely that I. P. of Niton is greater than that of xenon whose 
ionisation voltage lies at about 11*5 volts. 

By a compattson of the ionisation values of a number of elements 
whose outermost electrons belong te N, O, and P-shells, it .was shown 
(Biswas, Phil. Mag., 1928. vti, - 6 , 1091) that the contiguous elements 
of same chemical family (iso-electronic elements) having outer N, O, 
and P-shells diminish in their ionisation values doe to an increase of 
shellB from N to O- shell but then suddenly increase agun for the 
corresponding elements having outer P-shell. From the beginning of 
the P-shell wiidi oneituter electron in Au (79) to the addition of 5 
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eleotrcms in Bi (83), It. o., (to the addition of 8 electrons in 6 g group 
after the completion of the subgroup 6] with two outer electrons) the 
rise in ionisation values of all the elements having outermost P-shell 
from the corresponding iso-electronic elements having outermost 
O- shell was unmistakably noticed. 


Table 1 

N- shell O-shel! P-shell. 


Cu 

7*69 

Ag 

7*64 

Au 

9*25 

Zd 

9-86 

Od 

8*95 

Hp 

10*39 

Ga 

5*97 

In 

6*76 

T1 

era 

Ge 

7*85 

Bn 

7-38 

Pb 

7-93 

As 

9*40 

Sb 

8*0 

Bi 

80±0*6 

Kr 

18*8 

Xe 

11*6 

Nt 

14*0 + 0 6 


Now the relation that has been found to hold so far till Bi, can 
surely be extended to the completion of the sub group 63 in niton 
(86) and thus it is expected that the I. P. of Nt should be greater 
thsui that of xenon. Ionisation values of the iso-electronic elements 
having successively the outer shells L, M, N, O, etc, fall off regu- 
larly and continuously till the elements having outer 0-shells are 
reached. Thus keeping aside the elements having outer P-shell 
the gradual diminution of the ionisation values with the inerease 
of the number order of the shell is a common feature, which in no 
case has however been extended for any known I. P. of an element 
having its outer electron in P-shell (shells Is to 5d completed with, 
78 electrons) and thus the extention of the relation that has subsisted 
among the rare gases from He till Xe, to Niton does not carry 
any weight. 

It is proposed to argue on the evidence of the diamagnetic 
susceptibility that the elements having outer P-shell behave abnor- 
mally with respect to those having any other outer shell. L. Pauling 
{Pfoc. Boy. 800 ., 1927, A, Hi, 181) has obtained a formula for the 
diamagnetic susceptibility of a number of free atoms and ions. 




Xa = -20lxl0 


-Os 


n. 


*(Z- 8 m 





{Sh(lk + 1)-1} 


in which Xo =diamaghetic susceptibility for the atom , n, the total 
^aotum number, f=(k— 1), k being the old/azimutiwl quantum 
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number, Z=snucle«r charge, Sh^ =screening ooniiiaaii for diamtfgne- 
tism, S* means that the summation extends over all electrons in 
the atom. 

Specihc susceptibilities per unit mass calculated bj this equation 
are given below for the elements having outer N, O and P-shells. 

Table II 
-XxlO«. 


N‘8hell O-siheil P.^hell 


Cu 

21 (18) 

Ag 

41 (20) 

An 

1 

33 (15) 

Zn 

17 (15) 

Cd 

33 (18) 

Hg 

28 (16 ) 

Ga 

14 <24 ) 

Tn 

30 (11) 

Tl 

24 (24) 

Ge 

12 (12) 

Sn 

23 (35)? 

Pb 

H (12) 

As 

10 (31)7 

Sb 

20 (82) 

Bi 

18 (140) 

Kr 

87 

Xo 

44 

Nt-41 (I.r.»l0-6 volts) 
32(I.P. =14 + 0‘e volts) 


Clearly enough the specific susceptibilities for all the elements 
having outer 0<shell increase in values from the co.^responding ele- 
ments having outer N-sbell but these values decrease again for the 
elements of the same iso-electronic series having outer P- shell. It 
will thus be noticed that the relation with diamagnetism and ionisa- 
tion voltages for the elements under different shells act exactly in 
opposite senses. It is thus believable that the specific susceptibility 
increases continuously for rare gases with the increase of the order 
of the shell till the outer O-shell is completed in xenon but diminish- 
es again to a value even less than that of xenon with the increase 
of the next outer P-shell in niton. 

Specific susceptibilities determined experimentally by Honda and 
Owen, in the metallic states of these elements are included within 
brackets in Table II, to show that the relation brought out by these 
values are quite in keeping with those calculated according to Paul- 
ing. Of these experimental values, those for In and As are doubtful 
due to impurities. Susoeptibiytes of Sb and Bi are already known 
to be abnormally high. Hence the values for Sb and Bi could not 
necessarily be fitted in the chart. These high values for Sb and Bi 
are possibly due to the fact that besides the effect of the electrons 
bound with the atom core'CPauling’s x values for Bis:18xl0~^) the 
influence of the free^oonducting electrons and the influence of the 
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bhidiiigs of the crystal lattioea play importa&t parte to enhatioe in 
haloes. 

Since diamagnetic susceptibilities primarily depend on the num> 
ber of outer electron group, the mean susceptibility of the rare gas 
atoms-Er, Xe, and Nt has been only approximately calculated for 
the electrons associated with (n, k) orbits orientated at random by 
evaluation of the quantum numbers of Pauling’s equation with the 
assigned values of the group, while their effective charges have been 
only roughly eliminated by the values of the Ionisation Potentials 
oorresponding to the removal of an electron of that group (Stoner, 
“Magnetism,” p. 28). These values are included in Table II. It shorvs 
that X for Nt is lower than that of xenon for both the values of I. P. 
of 10*6 and 14’0±0*i5 volts. For Er, Xe, and Nt contributions due 
to the inner electron groups than the outer- most ones are not taken 
into account, hence these values are found much more reduced than 
Pauling’s values for the same elements. Dia-magnetio susceptibility 
of Er, Xe and Nt has also been calculated (Biswas, Phya. Rev. 1081, 
88, 1784) according to Slater’s method of charge distributions of 
of the different electron shells in which the total quantum numbers 
of N, O, and P.8hells have been substituted by their effective quantum 
numbers of 3*7, 4’0, and 4‘6 respectively Slater, Phya. Rev., 
1930, 86, 57). This method gives a very low vedue of x« fo*^ 

(— 46'6xl0"‘’) which seems to support a lower x value of niton. 

Nielsen (Nature., 1930, 18, 620) by a study of the spectroscopic 
data of Rasmussen (loc.cH.) has estimated the ladial charge distri- 
butions of Nt according to Hartree’s method of self consistent field. 
This offers another independent mode of checking x for Nt which 
is proposed. 

Incidentally it may be remarked here that the distinctive feature 
as exhibited by the elements having their outer-most electrons in 
P-shell as apart from the sequence that holds with the increase of 
the order of the shell till O-shell is completed, is seen to arise as 
due to the evaluation of the quantum numbers and the effective 
charges corresponding to their (n, k) group. 

Pbxbics Dbpartmbnt, 

Dacca Ukivbrsiti. 

Heeivad Noeember^ 1091 . 



The Redaction of Ferric Ghloride by Citric Add, 
Malic Acid and Sugars. 

Bt Bukmiki Mobam Porkayabtha. 

The reduction of ferric chloride by mandelic acid, lactic acid 
atftd tartaric acid was published in a previous paper (J. Indian Chem. 
8oc., 1929, 6, 827). A lai^e amount of work has already been done 
on the reduction of ferric chloride by organic acids and of ferric salts 
, of organic acids (Benrath, Z. Phy». Chem., 19l6, 116 ; 

Bolin, Z. Pkya. Chem., 1914, 87. 490; Ailmand and Young, J. Chem. 
8qc., 1981, p. 8079) 

These reactions are characterised by their simplicity. The dark 
reaction and the temperature coefficient are generally very small 
and the photochemical reaction is zero molecular. The present 
papef deals with the reduction of ferric chloride by citric aoi<i, inalio 
acid, glycerine and some sugars, such as glucose, mannose, g^aotose 
and levulose. 

The source of light was a quartz>meroury burner. The reactions 
were studied at 485/x/u and BQdfift. These monochromatic radiations 
were obtained by means of filter Nos. 22870 and 812 of Sohott and 
Gen. The intensity of radiation absorbed was measured as before 
by mepns of a Moll thermopile and Moll galvanometer and compared 
with the intensity of a standard Hefner. Other experimental 
arrangements were the same as before. Some of the substances, 
such as critic and malic acids used in these experiments, were all 
recrystaliised but the sugcws were used as such without crystaliisa- 
tion. They were preparations of Pfanstieh) Chemical Co. and of 
high grades of purity. 

It was shown in our previous peqier that addition of aome by(kn- 
chloric acid is necessary in order'*to prevent the disturbing inflttenoes 
due to the hydrolysis of ferric chloride and dissociation of hydrochloric 
acid produced in course of the rewtion. On account of very large 
abBorption in blue and violet region, eveh a coilBiiilerabte Vi^tion 
in hydrochloric acid concentration did not affect the vtriooity of 
reaction appreciably. ^ In the present case, oonoontration ojL hydro- 
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ohiorie acid has been kept equal to that of ferric chloride, 2 0.o. 
of the reaction mixture was always titrated with nearly 0*008^f 
thiosulphate solution. 

Tablb 1. 

4S6nfi. 


FeClj, 0 08M. 

HCl, 0 08M 

Citric acid, 0*25M« 

Tempo 30®. 

Time in hrs. 

0 

1-25 

2*6 

3*76 

5 

(e-a?) 

19*2 

16*16 

18-1 

10*1 

7*16 

x/t 


2*44 

2*44 

2*4 

2*86 



Olocose, 0*26Af . 



Time in hrs* 

0 

1*25 

2*5 

3*75 

6 

(a*x) 

19*86 

18*25 

17*15 

16*1 

16*06 

{xlt) 


0*88 

0*88 

0*84 

0*84 



LsBvuioee, 0'25M. 



Time in hre* 

0 

1*26 

2*6 

3*75 


(«-«) 

19-2 

17-95 

16*86 

15*86 




1*0 

0*88 

0-8 




Table 11. 




Glucose, 0‘25M. 866/x/u. 


Time in hn. 

0 

2 

4 

6 


(«*«) 

19*8 

18*66 

17*8 

17*06 


xH 


0*375 

0*376 

0*376 


It will be seen 

that except in the case of 

Invulose, 

the reactions 


are sero-molecular. Oalaotose also showed a similar fall in the 
value otx/t. In the case of malic acid, mannose and glycerine, 
truly eero-molecular constants were obtained. The dark reaction 
was measured in all oases and found to be exceedingly small. 
Ltevulose however showed appreciable dark reaction which is given 
in Table III. 

Tabm in. 

Lnvulose, 0*25111. FeCls, O'OSM. UCl, 0*08111. Temp.r 80*. 

TiiM in bn. 0 24 i6 

19*8 17-78 16^8 
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Table IV. 

Influence of Intensity . 



4S6fifA 

Energy 

abaorbed 

iSGOergfl. 

xlt 

Energy 

abaorbed 

950 erga. 
xlt 

Energy 
abaorbed 
480 erga. 
xlt 

Energy 
abaorbed 
2S0 erga. 
xlt 

0'25Af -Citric acid 

2*48 

1-8 

0*75 

0*88 

0*253f-Malio acid 

1-3 

0*7 




Energy 

abaorbed 

1220 ergs. 

Energy 
abaorbed 
910 ergs. 



0*25ilf-Glucoa6 

0-86 

0-44 

0^75 

0*18 

-OalactoBC 

0-88 

0*43 




The above table shows that for each frequency of radiation, the 
reaction velocity is directly proportional to the energy absorbed. 


Table V. 


Influence of Concentration of Ferric Chloride. 
HCl, 0 03M. Temp. 80* 



xfi 

(4d5MM) 


xlt 

(866mm) 

Gone, of FeCla ... 

008.V 0 03A1 

0*015M 

0-O8M 

0*03A/ 

0016M 

0*25Af-Citric acid 

2*45 2 ‘48 

2.3 

0*76 

0*74 

0*74 

0*25Af-^alic acid 

1*3 1*25 

1*25 


0*6: 

0*65 

()*25Af-Qlucoae 

0*088 

0*065 

0*38 

0*875 

0*87 

0*25M-Mannoae 

0-87 

0-66 


(>•86 

0*85 


It will be seen that the reaction velocity .remains practically the 
same even with fairly wide variation in the coi^centration of ferric 
chloride. With glycerine and sugeurs, however at ASSfifi, the value 
oixft increased with increase iir*the concentration of ferric chloride. 
Intensity measurements showed that the incident 966ftfi was com* 
pletely absorbed in all oases. The incident ABSftft was also complete- 
ly absorbed by the different mixtures of oi^anio acids and ferric 
chloride but in the case of mixtures of sugars and ferric chloride 
with O'OSM-FeCls. the absorption was 1220 ergs and with Q'OISM- 
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SleCig solution it srss 910 ergs, the values of xfi being 0*87 an4 
0*65 respectively which are exactly proportional to the energy 
absorbed. The zero>moleoular constants, obtained at 485/*;* in the 
case of sugars and glycerine though the incident radiation was not 
at^all completely absorbed, are due to the fact that owing to very 
small velocity, only 15 to 20 per cent, transformation was measured 
and within this small change in the concentration of ferric chloride 
there was ho appreciable variation in the energy absorbed. 


Table VI. 

Quantum Efficiency. 

Beaction Ceil : 4 cm. x 4 cm. x 0*5 cm. 

‘ ♦ 

Ferric chloride, 0*03M. HCl, 0‘03M. Temp., 30*. 

Amount of FeCl^, reduced per hr. in c.c. of 0’0082A'-thio8ulphate 
solution per 2 c.c. reaction mixture. 

436f*/< 366*1^ 

Bnargy abaotbad, 1860 arga. Enargy abaorbed, 431) erga. 


Citiio aoidt 0*25Af 

2-43 

0’7« 

Malic acids 

1-26 

0*45 

Energy 

absorbed 1220 ergs. 


Glcooae, 0*25Af 

0*86 

0*37 

Uanooaeg i» 

0*87 

0-855 

IfaiToloact „ 

0*88 

0*86 

Galaotoaa* „ 

0‘87 

0*87 

Glyoarhieg »» 

0’68 

0*85 


Citric acid and ferric* chloride at 866/1/1, 

... 480 X 366x10-7 x 16 

Jlhergy absorbed = q xSxlO’ 


= l*48xl0*» 


liibls of FeCls reduced 


_ 0*75 X 0*0082 X 6*1 x 10»* x 8 
“ 2x1000 x 60 x 60 

» 1*68 X 10>» 




to . transformed 
of faults absoihed 


1*68 X 10* » 

1*48 xio*** 


/w 1*14. 
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tabm vn. 


Showing the number of mole of FeCls reduced per quantum of 
energy absorbed with different reduotants. 


• 


366mm 


486wi 

866w 

Critic aotd 

0*8 

I'U 

I IiAvnloie 

0*46 

0*65 

Ifalic sold 

0'41 

0-7 

1 Galaetose 

0*44 

0*66 

GltlOOM 

0*43 

0-67 1 

Glyoerioe 

i 

0*84 

0*68 

Manncea 

0*44 

0-63 ' 





It was shown in our paper already referred to that with mandelic 
^i^oid as reductant the number of mols of ferric chloride reduced 
per quantum of energy absorbed was between 1 and 1*8 and with 
lactic acid and tartaric acid as reduotants between 0*45 and 0*8. 
Hence it may be said that with sugars, glycerine, lactic acid, tartaric 
acid and malic acid as reduotants, about two quanta are necessary 
per mol of ferric chloride reduced; while with mandelic and citric 
acids, on^ molecule of ferric chloride is reduced per quantum of 
energy absorbed. 


CnsMicAL Labo&atort, 
Dacca Univbrsitt. 


Rseripfd May 91, 1933. 




Examination of the Oil of Clupea Ilisha. 

By M. Goswami and J, Datta. 


Clupea Ilisha is found abundantly in the- rivers of Bengal and 
Burma. The output is so largt* that after supplying Ihe^ entire rainy* 
seaawn, fishermen salt up the surplus to sell in winter when this 
variety of fish is scarce. In this salting process much of the oil 
comes out and as such is practically lost. With a view to finding out 
some technical utilisation of this oil the present work was undertaken. 

Tht‘ fish 18 very chi uj) in proper season. It yields about 20 per 
cent, oil on lieing simply l)Qilc‘d with saline water ^ n^taining its shape 
if carefully handled. 

The oil is characterised by its pale yellow colour, fat like 
consistency, slight fishy odour and low iodine value. In all these 
propeHies the oil can be differentiated from marine fish oils. 

An examination of the oil gave the following va!ut‘S. 


Consistency aiici colour 
SpeciGc gravity at iia" 
Uefractive index at 10® 
Suponfication value 
Iodine vakie 
li. W. value 
Poliiueske value 
Acid value 

IJnsaponiGablo matter 


Like butter fat. 
O' 9194 
1- 1(500 
200 0 
88-0 
1-7 
0-77 
219 
0*85 p.c. 


Though the oil contains a hirge proportion of linoli-ic acid together 
with clupunodonio acid (8 p.c.)7 ihe oil film w'hen exposed to 
atnaospht^re for about a month, did not show any appreciable sign of 
drying, indicating thereby the non-drying chara< ter of the oil. The 
oil aepamtes into its solid and liquid fractions on standing at a 
temperature of SO'’. The solid fraction has a melting pont of 40° 
^nd a setpoint of 80°, Whereas the same for the liquid fraction are 
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21'’ and 10'’ respectively. The mixed fatty acids were examined and 
found to contain 87*4 per cent, solid acid and 66*8 per cent, liquid 
acids. The liquid acids were further separated by Bromide method 
and gave oleic acid, 67 p*c., linoleic acid, 85 p. c. and clupanodonic 
acid, 8 p.c., whereas the solid acid was almost entirely constituted of 
palmitic acid. The unsaponifiable matter was examined and was found 
to contain cholesterol. During the examination of fatty acids, a dirty 
mass having strong fishy odour was liberated when the dry soap 
obtained by saponifying the oil, was acidified with hydrochloric acid. 
It was practically insoluble in ether but dissolved easily in alkalis. 
As the quantity was very small it could not be examined further. 
The oil responded to the test for vitamin D and gave soft soap on 
saponification with caustic soda, both the properties are technically 
utilisable. 

Experimental,, 

Examination of the Mixed Fatty Acids, 

The oil was saponified with alcoholic potash and alcohol driven 
off. The dried soap obtained was first extracted with petroleum 
ether to remove unsaponifiable matter, then decomposed by dilute 
hydrochloric acid and the liberated fatty acid layer was washed free 
from mineral acids. It was examined and the following values were 
obtained. 

Iodine value ... ... ... ... ... ... 90*5 

Mean mol. wt. ... ... ... ... ... ... 268*6 

Melting point , ... ... ... ... ... 42* 

The mixed fatty acids were separated into liquid and solid 
fractions by the method of Twitchell ( Ind, Eng, Chem,, 1921, 18, 
806), and the following results were obtained. 

p.c. . Iodine valne. M.p. 

Solid acids 87-4 1*76 67* 

liiqnid acids 56'3 144*5 

Examination of the Oil by Alcoholysis, 

60 C.c. of the oil were submitted to alcoholysis using POClg 
(Qoswami and Bamanujam, J, Indian Cheri. 8oc., 1981| 8, 418), 
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The resulting ester freed from acids, glycerine and moisture was 
distilled under 5 mm. pressure with the result given below. 


Temperature. 
UptolTO* 
170*~-190* 
190*— 212^ 


Fractions. 
... Traces 
... 17 c.c. 

... 24 c.c. 


A black residue having strong fishy odour remained undistilled 
even above 230**. Besults of the distillation point out th^ 
fol^wing : 

(а) Practical absence of lower acids. This is corroborated by 
low Beichert value. 

(б) Presence of palmitic acid to the extent of 40 p.o. of the 
*total acid. This has been supported by the separation of acid as 

given above and by the study of solid acid as is given hereafter. 


Examination of the Solid Fatty Acid. 

The solid fatty acid as obtained by separating the mixed fatty 
acid was esterified in methyl alcohol by passing a current of dry HCl 
gas. Ester obtained was a white liquid at ordinary temperature 
but solidified when cooled into plates, m. p. 26®, This was distilled 
under vacuum with the result given below. 

Temperature. PresBure. Fractions. 

Up to 170* 6 mm. Traces 

170*— .190* ... Entire content 

From the result of the distillation it seems probable that the 
distillate is constituted of methyl palmitate. 

The distilled ester was saponified by alcoholic potash and fatty 
acids liberated by hydrochloric acid. This was crystallised 6 times 
from absolute alcohol and thet crystals gave m. p. 59° and mole- 
cular weight 268 corresponding figures for palmitic acid being 
61° and 266. The lead salt was prepared and crystallised from 
alcohol melting at 109° ; lead palmitate melts at 112° . It therefore 
seems probable that the solid acid is mostly constituted of palmitic 
acid. 
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Examination of Liquid Fatty Acid. 

The liquid fatty acid as separated by Twitchells method was 
brominated in dry ethereal solution by bromine in presence of glacial 
acetic acid. Ether insoluble bromides being filtered off, the solution 
was washed with thiosulphate solution to remove excess of bromine. 
The residue obtained after distilling off the ether, was boiled with 
petroleum ether and cooled over night in an ice chest. The separa- 
ted crystals were filtered and the mother liquior was litttle con- 
centrated. then again cooled, when a second crop of crystals was 
obtained. The process was repeated thrice when no further crystals 
appeared. Kesults obtained are given below. 


Bromide. 

M. p. 

Insoliible in ether 

Decomposes at 200 

Insoluble in ether but soluble 


in benzene 


Insoluble in petroleum ether 

113“ 

Soluble in petroleum ether 

Oil 


Inference. 

Octabromide 

Hexabromide absent 
Tetrabromide 
Di bromide 


From the above result it is evident that clupanodoniC acid, 
linoleic acid and oleic acid are present in the oil. The percentages 
of the acids a.s given before were calculated from the amount of 
bromides. 

Unsaponifiable matter . — The oil after saponification with caustic 
potash was extracted with petroleum ether from which its 
percentage was determined after evaporating off the solvent. The 
residue was crystallised from alcohol and crystals obtained were 
found to be those of cholesterol. 

Vitamins . — Vitamin A was tested for by antimony trichloride 
(Analyst, 1928, S3, 156). There was no coloration at first but after 
a few minutes a violet colour developed which gradually turned into 
deep red. This is considered to be good colour reaction for vitamin 
D. But the absence of blue coloration at the beginning shows the 
absence of vitamin A. Vitamin D was further examined by Shears 
test (Proc. Sac. Expi. and Biol. Medicine, 1926, 23, 546.) 


UNivEiifliTY College of Science, 

Applied Chemistry LAwoRATOity, Received April 4, 1982. 

Calcutta. 



Friedei and Crafts’ Reaction with Phenolic Acids. 

By P. C. Mittbu and Hirendra Chandra Ray. 

Altliough the occurrence, in nature, of hydro xyanthraquinone 
ciftboxylic acids like munjisthin, rhein, pseudopurpurin etc. is by no 
means rare, very few attempts appear to have been made for the 
direct synthesis of carboxylated benzoic acids from which such 
, anthraquinone carboxylic acids could be obtained by rAg-closure. 
Limpricht {Ajinalcn, 1898, 303, 274) condensed phthalyl chloride 

with hydroxybenzoic esters and obtained in the case of salicylic 

ester a benzoylbenzoic acid which he named phthalylsalicylic acid but 
he did not determine the constitution of the substance. 

We have tried to condense phthalic anhydride with diverse pheno- 
lic esters in the hope that such a reaction would give substituted 

benzoylbenzoic acids, from which anthraquinone carboxylic acids 

could be obtained. 

The condensation of salicylic ester with phthalic anhydride in 
acetylene tetrachloride medium, in presence of anhydrous aluminium 
chloride gave a product melting at 248®, identical with the phthalyU 
salicylic acid of Limpricht {loc. cii.). Now the condensation may 
have *taken place either in o- or p-position to the hydroxyl group 
although as Ullmann and Schmidt (Bcr., 1919, 52 , 2098), have shown 
in the case of the condensation of phenols and phthalic anhydride 
in acetylene tetrachloride medium, condensation in o-position to the 
hydroxyl group was more probable. 

To settle this question, several experiments were tried with 
various other hydroxy acids with the following results : 

1. From o-cresotinic acid (methyl ester), a benzoylbenzoic acid 
was obtained having properties very similar to that obtained from 
salicylic ester. 

2. *p-Cr68otinic ester, on similar treatment gave no reaction. 

3. p-Hydroxybenzoic ester gave no reaction. 

4. There was alsb no reaction with m-hydroxybenzoic ester. 
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OH 

^^OOOH 

(Beacts). 


OH 

CH./VCOOH 

U 

(Beacts). 

OH 

0 

COOH 

(No action). 


OH 

CJcooh 

(No action). 
OH 

^^COOH 

(No action). « 


From the above it may be reasonably concluded that, under the 
conditionf, of the experiment, combination takes place only in p-posi- 
tion to a hydroxyl group but that no combination takes place in 
o-position to a hydroxyl or a carboxyl group. 

Having thus determined the probable position of the link bet- 
ween the two benzene nuclei, we next attempted the closingup of 
the anthraquinone ring, with (4'-hydroxy-3'^5arboxyben7.oyl)-2-benzoic 
acid (I) as also with its methylation product but without 
success. 

The preparation of the anthraquinone via anthrone was next 
thought of and for this purpose the acid (I) as also its methyl ether 
were subjected to the action of zinc dust and hydrochloric acid in 
acetic acid solution (Bistrzycki and Krauer, Helv. Chim. Acta, 1928, 
6, 753). Several ring-closing experiments were tried with the 
reduction product but no anthraquinone was formed, the unchanged 
mother substance being obtained in every case. 

On a careful examination of the reduction product it was found 
that a lactone had resulted by the partial reduction of the -CO- group 
to a -CHOH- group. 

Beduction with zinc and caustic soda (Bistrzycki and Schepper, 
Ber., 1898, 31, 2792), and also with zinc dust and ammonia in 
presence of copper sulphate (Scholl and Neovius, Ber., 1911, M, 
1080), yielded the same lactone. 



2 ' 

1^8'COOH 


6'i^OH 
6' . 
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Experimental. 

{^'•Carboxy-A*~hydroxyhenzoyl)~2-benzoic acid, (I). — ^Powdered 
phthalic anhydride (10 g.) was mixed with methyl salicylate (10 g.) 
in p flask containing flO c, c. of acetylene tetrachloride and finely 
powdered aluminium chloride (25 g.) gradually added to the mixture 
with frequent shaking. The flask was then heated on the water-bath 
for about 8-4 hours and finally on the oil-bath at 125° for a short time. 
The contents of the flask were then decmposed by adding ice and 
distillation in steam whereby acetylene tetrachloride and unchangei^ 
salicylic acid were removed. The crude acid thus obtained was dis- 
solved in soda solution, filtered and precipitated with hydrochloric 
acid and further purified a.s the calcium salt and reprecipitated 
• with hydrochloric acid. It crystallised from acetic acid in '*agregates. 
m, p. 248°. (Found: C, 63'37; H, 3*44. C ] .jH j oO^ requires C, 62*94; 
H. 3*49 per cent.). The substance is identical with the phthalylsalic- 
ylic acid of Limpricht {loc. cit.). 

(S'- Carboxy-4'~mcthoxt/bcnzoyl)-2-bcnzoic acid (II). — The acid (I) 
was paetbylated with dimethyl sulphate and caustic soda in the usual 
manner. Agregates from acetic acid, m. p. 232°. (Found: C. 63*89; 
H 4*04. CioHiaOe requires C, 64*0; H, 4*0 per cent.). 

Mcthyl-{B'-carbomethoxy-4-hydroxybenzoyl).2-benzoatc (III).— -The 
acid (I) was esterified with methyl alcohol and sulphuric acid in the 
usual manner. Rectangular plates from aqueous alcohol, m. p. 130- 
31°. (Found: C, 64*67; H, 4*46. Ci7Hi40<j requires C, 64*97; H, 
4*46 per cent). 

Mcihyl~{3'-carbomethoxy-4’-mcthoxybevzoyI)-2-benzoate (IV). — 
This was obtained by esterifying (II). Rectangular plates from 
aqueous alcohol, m. p. 106-06°. (Found ; C, 66*83 ; H, 6*03. 
CigHjoO^ requires C, 65*85; H, 4*88 percent.). 

{3'~Carboxy-4'-hydroxyphcnyl)-2-phthalidc (V). — The acid (I) (fig.) 
was dissolved in acetic acid (100 c. c.) and treated with extrafine zinc 
dust and after the gradual addition of hydrochloric acid (d 1 19, 10 c. o.) 
heated nearly to boiling for 6 '’hours. The mixture was filtered 
hot mid carefully diluted with hot water. The precipitate was taken 
up with dilute soda solution, filtered and acidified with hydrochloric 
acid. ‘It crystallises in plates from aqueous alcohol, m. p. 211-12°, 
yield about 8*5 g. (Found: C. 60*26; H, 8*89. C{9 O9 requires 
C, 66*66; H, 8*70 pet cent.). 
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{B'-Carboxy»4'-methoxyphenyl)-2-phthalide, (VI). — This was ob- 
tained by reducing (III) in the same m6mner as above. The pbtha- 
Jide melts at 164". (Found; Eq. wt., 282; C, 67‘37; H, 4’49. 
Cje H|8 O5 requires Eq. wt., 284; C, 67‘60; H, 4‘28 per cent.). 

{B'-Carboxy-4'-hydToxy-5'-mcthylbemoyl)-2-bemoic acid, (VII). — 
It was obtained in the same way as the corresponding salicylic ester 
condensation product on using u-cresotinic acid methyl ester. Yield 
about 18 g. from 10 g. of pfatbalic anhydride. It crystallises in agre- 
gates from acetic acid, m. p. 258-61'’ (decomp.). (Found: C, 68*80; 

4*04. Hj 2 0(j requires C, 64*0; H, 4*0 per cent.). 

Methyl-{B'-carbomcthoxy-4' -hydroxy -5'-aicthylhcnzotyl)-2-b6moate, 
(VIII), — ^It was obtained by esterifying the above in the usual 
manner, m, p. 108-04°. (Found: C, 65*61; H, 4*08. Cja Hic Ot; 
requires Q, 65*85; H, 4*88 per cent.). 

(B’-CarbQxy-4'-viethoxy-b'-mcthylbcmoyl)-2-bemoic acid, (IX). — 
It was obtained by methylating (Vll) in the usual manner. Crystals 
from acetic acid, m. p. 197-98.° (Found: C, 64*67; H, 4*51. Cj^- 
Hi 4 requires 0, 64*96; H, 4*46 per cent.). 

Methyl- {B'-carbomethoxy-4'-aicthoxy -5'- meihylbenzr)yl)-2-bcnz(>- 
ate, (X). — It was obtained by esterifying (IX). Crystals ,from 
aqueous alcohol, m. p. 93°. (Found: C, 66*46; H, 5*41. C^.iHinOc 
requires C, 66*66; H, 5*26 per cent.). 

(B'-Oarboxy-4'-hydroxy-b' - methylphenyl) -2- phthalidc, (XI). — It 
was obtained by the reduction of (Vll) as in the case of phthalyl- 
salicylic acid. Flakes from aqueous alcohol, m. p. 204 05°. (Found : 
C, 67*29; 11, 4*46. requires C, 67*60; H, 4*23 per 

cent.). 

(B'-Carboxy-4'-methoxy-5'-methylphcn7jl ) -2- phthalidc, (XII). — It 
was obtained by the reduction of (IX) with zinc dust and hydrochlo- 
ric acid in presence of acetic acid. Agregates from aqueous alcohol, 
m. p. 160°. (Found: C, 68*22; H, 4*71. C,7 H ,4 Or, requires C, 

68*46; H, 4*70 per cent.). 

(B'-Carbomethoxy-4'-hydroxy-5'-mc{h7jlphenyl)-2phthaJidc,{Xlll ), — 
It was obtained by esterifying (XI) in the usual manner. Crystals 
from aqueous alcohol, m. p. 114-15°. (Found: C, 68*62; H, 4*89. 
C|7 Hi 4 O5 requires C, 68*46; H. 4*70 per cent.). 

Chbiucal Labobatoby, 

UNiviasiTY CoLiiBOE OF SciBNCB, H tceived April IH, 1(132. 

Calcctta, 



Complex Compounds of Iridium. Part I. 
Compounds with Organic Sulphides. 

By Prafulla Chandra Ray and Nadiabehari Adhikari. 

Irtdium and platinum, placed as they are in the same group of 
transitional elements in the periodic table, show a remarkable simi- 
larity in their inorganic compounds as well as a gradation of proper- 
ties thereto. Though the methods of preparations are different, they 
give the same type of chlorides, iridium- monochloride, iridium 

dichloride, iridium trichloride, iridium tetrachlorde and platinum 
mono-, di-, tri-, and tetrachlorides. Of these iridium mono- and dichlo- 
rides are unstable, whereas in the case of platinum, the mono-, and 
the trichlorides are not stable; as to the formation of complexes with 
alkali cKlorides, iridium tri-and tetrachlorides unite to form MsTrCle 
and M 2 rrCJ^j respectively whereas platinum di-and tetrachlorides 
yield M^PtCl^ and MsPtCl^.. 

For some years past, Ray and his co-workers, in a series of papers 
have studied the action of alkyl mono-and disulphides on chloro- 
platinie acid and potassium chlorplatinate with interesting results. 
(J. Chrm, Soc.. 1923, 123 . 133; J. Indian Chcm. Soc., 1925, 2 , 
178; 1920, 3,338; ibid,, 1927, 4 , 4(37; ibid., 1928, 5 , 139; 

Z, anorg, chew., 1929, 178 . 329 ; ibid.. 1930, 187 , 33 ; ibid,, 1931, 
198 , 53; ibid, 1932, 203 , 401.) The constitution of some of the 
compounds they obtained could be represented on the basis of 
Werner's theory while those of others did not come within its pur- 
view but the authors proved beyond doubt that the latter are of com- 
plex nature and their constitution should be represented as such. A 
more recent paper by Angell, Drew and Wardlaw (J. Chem, 8oc,, 
1930, p. 349) has established that the isomerism found in co-ordinate 
compounds of platinum is of a structural and not of a spatial nature. 
The present investigation was undertaken with a view to explore 
the above possibilities in the iridium compounds of organic 
sulphides and to examine how far they resemble the corresponding 
platinum compounds, ' 

2 



252 


p, c. rAy and n. adhikari 


In this paper an account of the reaction of iridium tetrachloride 
with methyl sulphide, ethyl sulphide and diethyl disulphide has been 
described. The following compounds have been obtained : 

(1) IrClg. SMegS (4) IrClg. SEt^S 

(2) IrClg. 2Me2S ... (6) (IrClalg. 3Et*Sa 

(3) IraCls. 4Me8S (5) Ir.iCl5. 4Et2S 

In the case of platinum, no compounds of the type (1) or (4) were 
obtained but compounds of the type (2), (3) and (5), e.g., PtCls. 
'^2EtaS, PtGls.2Bz2S and Pt2Cl5.4BzaS have been isolated. 
PtCl3.2EtaS, easily breaking up into PtCla.2EtaS and Pf0l4. 
2EtaS, was proved to be a molecular compound but the other one 
PtCIs. 2 BzgS resisted every attempt to break it up and was regarded 

' P Civ ^BzgS 

as an independent entity, being represented as yPt^ Cl 

•- CK ^BzgS J 

from its various reactions. The compound (2) is almost insoluble in 
all ionising solvents, and as it could not be split up into IrClg. 
2MeaS and IrC!4.2MeaS, it is better to represent it as a molecular 
compound IrCls. 2 MegS. The compounds (1) and (4) can be^'ropre- 
sented thus 



the co-ordination number of iridium being six. They are non-elec- 
trolytes, as is evident from the conductivity measurement in acetone 
{vide experimental). Such trivalent platinum compounds arc totally 
non-existent. 

Compounds (8) and (5) behave rather in a different manner from 
the corresponding platinum analogue PtgClj. 4 BzgS, which when 
recrystallised from hot alcohol breaks up into PtCl3,2BzaS and 
PtClg. 2BzaS. But ih the present case, the compounds are very 
stable and from the methods of their preparations, it appears quite 
unlikely that their constitutions are similar to those of the corres-^ 
ponding platinum compounds. The compound (6) although sparingly 
soluble in alcohol and acetone, separates in well defined crystals from 
boiling aldohol, the m.p. remaining the same even after tv(o conse- 
cutive crystallieations. 

The mode of reaction is the same as fn the platinum series. 
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Irididium tetrachloride in prcKeoce of sulphides gradually loses cblo- 
rioe , the reduction being more vigorous when heated in presence of 
alcohol. 


IrCl4 

SRgS and IrCla. 2 Ka^ 


RgS 


iraCls 



IraClj. 


heated in alcohol 

for a long lime { — Cl.RsSl 

4 R 2 S 


« 


Ab to the coDBiitution of Ir 2 Cl 4 . 8 EtgS^. it can only be Btated here 
that the disulphides are stronger reducing agents than the monosul- 
phides and so in this case the reduction of iridium tetrachloride has 
proceeded a step further to iridium dichloride and it might be repre- 
Rented as 2 (IrCl 2 ). 3 Et 2 S 2 . 

Had it been possible to arrest the above reactions stage by siagei 
the coyrse and the mode of the formation of the different products 
could be further elucidated. The compounds (1) and (2) were the 
results of carrying on the reactions entirely in cold but when the 
same reaction was conducted on water-bath, (2) could not be isolated 
from the filtrate; only (3) was obtained and also an inseparable mixture 
containing a lower percentage of iridium (43*5) than both (2) and (3) 
but much higher than that of (1) 

Iridium was estimated by slowly igniting the compound in a rose 
crucible* and then reducing by hydrogen till the weijjht is constant 
and finally cooling the crucible in a current of carbon dioxide. This 
presented some difficulties as the compounds, (prepared from IrCI^ 
supplied by Messrs. Schering-Kahlbaum) when reduced, sublimed and 
condensed in a very thin film on the lid and on the leading pipe. 
This film is insoluble in aqua regia, which, therefore, precludes the 
presence of rethenium and osmium but its weight is so small that 
it is not appreciable even after 6 or-? operations. 

The replacements of sulphides of these compounds by amines 
and ammonia are in progress and will be the subject of the next 
eoromunipation. 

EXPSatMSNTAL. 

* \ 

Preparation of XrOls* SMe^S.^To iridium tetrachloride (Og.), 
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di-meth;l-sulphide (5g.) in alcohol (about 20o.c.)was added and 
kept in closed conical flask with occasional shaking. The chloride 
dissolved completely in about 8 hours. After 24 hours the solution 
was heated under reflux on a water bath. After an hour a precipitate, 
yellow in colour, began to separate. The refluxing was stopped after 
4 hours. The yellow precipitate was mixed up with a tarry mass 
which also came out during the above process. The entire mass was 
filtered hot and the filtrate concentrated in a vacuum desiccator. The 
residue was repeatedly extracted with hot alcohol and these extracts 
on concentration yielded yellow crystals, m.p. 228-230®, which on re- 
crystallisation from warm alcohol melted at 238*39® (I); the insoluble 
residue — a grey coloured mass, was rather too small to be further 
purified for analysis. The main filtrate which was concentrated as 
indicated above, turned to a semisolid mass. It was then filtered 
under a strong suction and a crystalline substance was left behind. 
This was washed with a little alcohol and ether and finally re- 
crystallised from warm alcohol (II) m.p. 238-3V>® with evolution of 
Me 2 S but it did not break up into the metallic state as was also the 
case with the compound I. It is soluble in acetone aud sparingly so 
in cold alcohol and benzene etc. Both products (I and II) were 
analysed and found to have the same composition. (Found ; 
Ir, 40-39; Cl, 21-83; C, 14*30; S, 20'68. IrCL^-HMe^S requires 
Ir, 39*75; Cl, 21'93; C, 14*83; S, 19-79 per cent.). 

Preparation of Ir 2 Cl 5 4 M 62 S. — The filtrate from the above was 
concentrated in vacuum to a tarry solid mass to which hot 
alcohol was added. Most of the tarry matter dissolved and 
a yellow substance was left behind. This was separated and 
the filtrate again evaporated in a vacuum, dissolved in hot 
alcohol. This process was repeated until the evaporated fil 
irate was completely soluble in alcohol without leaving any residue. 
The first crop and the next successive portions were found to be 
mixtures. The filtrate was then evaporated on water bath to dryness 
and the mass digested with boiling alcohol when a yellow substanoe 
separated out. This was refluxed with acetone on water-bath and 
filtered. The process was repeated till the acetone was almost 
colourless. It was finally washed with chloroform and ether — dried 
and analysed. It has got no m.p. and is very sparingly soluble in 
acetone, alcohol and other organic solvents. (Found: Tr, 47*90; 
Cl, 22*19; C, 11*28. Ir 2 Cl 5 ' 4 Me 2 S requires Ir, 47*59; Cl, 21*86; 
C, 11‘88 per cent.), ^ 



COMPLEX COMPOUNDS OF lEIpIUM 


255 

Second method of preparation . — When IrCl3^ 8Me2S was refiuxed 
with alcohol and the solution together with traces of insoluble matter 
held in suspension, evaporated to dryness on water* bath and the 
process repeated 6-^7 times, almost the whole of the substance be* 
came sparingly soluble in boiling alcohol and acetone. The 

undissolved portion was then collectedf washed several times with 
hot alcohol and acetone and finally with ether and dried. It has 
no m.p. but gradually decomposes when heated above 200^. (Found : 
If; 47*41; Cl, 22*16 per cent.). 

Preparation of IrCl^* 2Me2S. — Methyl sulphide (3*3g.) *in 
ajlpohol (20 c c.) was added to iridium tetrachloride (4g.) and the 
vessel kept closed. After 2 days a dirty precipitate began to 
separate out and this increased gradually up to the 4th day. To 

ensure complete reaction it was filtered off (after 7 ^days), the 

precipitate being digested with hot alcohol and acetone till the filtrate 
was almost colourless. The insoluble portion was too small to be 
further purified for analysis and was stored for investigation in future. 
The wash alcohol, on evaporation on water-bath to dryness, yielded 
a yellow substance, which on analysis (after purification) was found 
to be identical with the compound Ir2Cl r/ 4Me2S. Three crops of 
a yellow substance were successively (I, II & III) obtained when the 
main filtrate was evaporated to dryness in a vacuum and subsequent- 
ly digested with alcohol and the process thus repeated thrice. The 
alcoholic filtrate was next evaporated on water-bath to dryness 

and kept over it until the resulting black tarry mass became dull 
grey. This was lixiviated with hot alcohol when a yellow residue 
was left. It was washed with hot chloroform and alcohol to remove 
the fast traces of the tarry matter. The filtrate obtained in this 
stage was too small for further investigation. The crops I and II 
were found to be impure but III and also the yellow precipitate 
obtained by evaporation on water-bath were found to be identical 
in composition. They have no sharp m.p. but decompose slowly above 
200°. (Found: Ir. 45*36, 45*08; Cl, 24&2, 24*63; S, 15*59. IrClg* 
2Me2S requires Ir, 45‘57; Cl, 26*14; S 15*13 per cent.). 

Preparation of IrCl^’ 3Et2S\nd Ir2Cl5* 4Et2S. — IrCl^ (8 g.) and 
Et2S (8 c.c.) in 50 c.c. alcohol w*ere mixed together and refiuxed 
for three hours. The mixture was then subjected to filtration 
when* a very small amount of black residue remained behind. 
The filtrate on oonoontration in vacuum yielded a crystalline 
mass; it was collected and reorystallised from hot benzene in 
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» very small portion — ^greyish white in oolout^ re- 
mained insoluble. It is soluble freely in benzene, chloroform apd 
acetone and moderately so in alcohol and insoluble in water, m.p. 
181*. (Found :Ir, 83*58; Cl, 19*01; S, 1714; C, 26 02. IrCla* 
8 Et^S requires Ir, 38*86; Cl, 18*68; S, 16*86; C, 25*28 per cent). The 
filtrate from the above on further concentration yielded a crop m.p. 
194* (not sharp) which was too small for analysis. Finally the re* 
naaining tarry filtrate was evaporated to dryness on a water-bath and 
digested with alcohol, when a lemon yellow substance remained 
uudfssolved, This was collected, washed with benzene and chloro* 
form in which it is sparingly soluble. The substance was dried alSd 
analysed, m.p. 207*. (Found: Ir, 42*06; Cl, 18*62; C, 19*23; 
8, 10*88. Ir^Cls, 4 EtaS, requires Ir, 41*82; Cl, 19*23; C, 20*80; 
8, 13*86 percent). The above compound was also obtained whenlrCl,,, 
8 EtQ8 in alcohol, was refluxed for 30-35 hours; about 60% of the 
substance changed to IrgCls* 4 Et^S. It was then washed several 
times with hot benzene and acetone. (Found : Ir, 42*33 per cent.). 


The Molar Conductivity of IrCla* 3 EtaS at Different « 
Conoentrationa in Acetone at 26*5*. 


Table I. 


Molar cone. 

0 008738 

0*004869 

0-002184 

0001092 

M<dar ooodnetivity. 

2*78 

2-96 

3*72 

4-46 



Table II. 



Molar cone* 

001281 

0-00640 

0-00320 

0-00160 

Molar conductivitj. 

2*89 

2-77 

, 3-02 

8-86 


Preparation of (IrCl8)a*8Et282. — ^IrCl* (2g.) in alcohol 

and EtaBa {2g.) were mixed together and heated on water-bath 
under reflux. The chloride gradually dissolved and a deep red 
almost black liquid resulted. This was then evaporated on a 
water-bath with constant stirring till there was no evolution of 
hydrochloric acid. The solid tarry matter, thus obtained, was 
Hhen trituri^ed with alcohol when a yellow solid separated and a 
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deep red solution was left behind. The substance was several 
times extracted with boiling alcohol when it almost completely dis* 
solved and an orange yellow crystalline mass was obtained from the 
filtrate on cooling. The residue was small and could not be further 
purified. The main mother liquor (the above deep red solution) on 
concentration (1st and 2nd crop) in vacuum yielded an orange 
coloured crystalline substance identical with the preceding one and 
the sueceeding crops gave anomalous analytical results. The sub- 
stances were further purified by dissolving them in chloroform and 
precipitating with ether. It does not melt but gradually decomposes 
into the metallic state above 200“. (Found: Ir, 42’74; Cl, IS’Od, 
14*79; 8 , 2r66, 2r3. IrgC^* 3 BtgS 2 requires Ir, 43’17; Cl, 15'83; 
8, 21*47 per cent.). 

. Palit Profbssob's Labobatorv, * 
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On,the Study of Polyhalides. Part I. Formition and 
Dissociation of Polyhalides of Hydrogen. (Chloro- 
dibromide, Chloro-diiodide, Bromo-diiodide, 
Tribromide and Triiodide of Hydrogen) . 

By Susil Kumar Ray. 

» 

Jakowkin (Z, Vlnjs. Chem. 1890, 20. 19) studied the dissociation of 
polyhalogen compounds of the type Xl^. XBrs, XCI3, XBrIg (where 
X stands for Na, K. Li or 2 Ba) and also that of HI 3 inaquegus solu- 
tion with the aid of the distribution method. The dissociation of KI 3 
and HI 3 in aqueous solution at different temperatures has also been 
investigated by Dawson (J.Chem, 8 o(\, 19t)l, 79 , 238). From a 
study of the solubility of Br 2 in aqueous solution of KBr, the form- 
ation of KBr 3 has been established by Worley (J. Chem. Soi\, 1905t 
87 , 11Q7), Jones and Hartmann (J. FAcirochem, Soc,y 1916, 

30, 295) have also proved, from measurements of equilibrium bet- 
ween Br, and water as well as between Br^ and KBr solution at 0® 
that both KBr^ and KBr 5 are formed in saturated solution. Mellor 
(J. Chem, 80 c,, 1901, 79 , 225) has also studied the formation and 
dissociation of HCI 3 in squeous solution by means of the solubility 
method, S’rom the heat of solution of Br 2 in hydrochloric acid, 
Berthelot (Compi, rend,, 1815, 100, 761) deduced the existence of 
of the cCmpouod HClBr 2 . By the spectroscopic method Job (Ann, 
Chim,, 1928, x, 9 , 148) has determined the dissociation constants of 
and the affinity values, for KClBr 2 » KCII 2 * KBrl 2 KBr 3 and KI3. A 
study of the formation and dissociation of HBrs by means of the dis- 
tribution method has been made by Lewis and Storch (J, Amet, Chem, 
80 c,. 1917,. 89 , 2501), Ray and Barker {J. Ctivm, Soc., 1922. 121 , 
1449) has also studied the formation and dissociation of the polybali- 
des of hydrogen by <he same methcJfl. They have shown that, by the 
interaction of a halogen acid (HOI or HBr) and a halogen (Ig or Br^), 
compounds of the type HClIg, HBrIg, or HClBrg are formed in 
solution. • The above authors, from a calculation of the degree of 
dissociation, came to the conclusion that as the dissociation of these 
compounds increases with the diminution in the concentration of the 

3 
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halogen acid they are incapable of independent existence in the absence 
of dtCher the halogen acid or halogen ions. In the present paper the 
formation and dissociation of these polyhalides of hydrogen have been 
studied by the freezing point method, and the equilibrium constants 
of the reactions 

Cl- + (I 2 or Bra) v"-=- Cllg-or ClBrg" 

Br” + Brg Br^” 

.and the heats of formation of the complexes Ollg, ClBr* and Bry have 
been calculated. It is shown that the formation of the polyha logen 
compounds like HClIg. HClBr,, HBr* can be definitely established 
with the aid of the freezing point method, and in the case of HBrlg, 
HBr 3 and HI 3 the complex compounds have been isolated in the 
free state. lieference may here be made to the isolation of the hydrates 
of BUBra, HIBrCl and of H1C1.J, 4 H 2 O (Cremer and Duncan, J. Chem. 
Soc., 1931, 1862-64 ; Hannay, ibid., 1473, 26 , 861; Cagliote, Atii. It. 
Accad. Lined, 1929, 9 , 563). 

In the following experiments, tlie equilibrium constant has been 
calculated according to the formula K = , where K is the equi- 

librium constant ; a, b and c are respectively the concentration of 
the free halogen ions (from the dissociation of the halogen acid), 
the free halogen, and the complex polyhalide ion. The values of 
h and c can be found out from the following relations ; 

a + c=> normality of the halogen ucid xita degree of dissociation, 


normality of the thiosulphate (employed for titration) x the volume required 
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Any change in the degree of dissociation of the acids by the formation 
of the complexes is neglected. It is further assumed that any com- 
plex poJyhalogen acid that might bo formed is dissociated eJectrolyti- 
cally almost to the same extent as the simple halogen acid, and 
behaves in all respects like tho complex polyhalide ion. 

Applying the law of mass action, the above oquaticn is obtained 
for the balanced reactions 


HCl Ta or Br^ He -ll., or HClBr.^ 

and HBr4- Br^ HBr^^ 

orVxpn^ssod ionically 

Cl*” -f I 2 or Br .2 — -> Clio"' or Cll^r 2 

and Br"“ + Br 2 1 ^===^ 

The heat of formation of the* complex polyhalide was calculated 
according to the well-known formula — 


\q^ K|-log/i2 




The degree of dissociation of the complex can be calculated from 

the ratio = actual corresponding solutions, 

calc. 

Fonnation und DiaHociatiim of the Compound, HClBr^. 

The reaction between bromine and hydrochloric a3id of varying 
concentrations (xV— 2V/16) was studied. For this purpose the hydro- 
chloric acid was shaken at the ordinary temperature with bromine 
in well stoppered glass bottles until equilibrium was established. 
25 c.c. of the bromine solution in hydrochloric acid was measured 
out from a burette direct to the freezing point tube and the freezing 
point determined. The supercooling was not allowed to exceed 
and the freezing was induced'^ by the introduction of a tiny ice 
crystal. Mixture of ice and salt was used in the cooling bath, the 
temperature of which was kept about 2-3'^ below freezing point. 
Bure potassium iodide was then introduced into the freezing point 
tube and tho amount of iodine found out by titration with .V 2- thio- 
sulphate, The freezing point of the acid alone was previously 
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^tdninined in the same way. Any volume change that might result 
firom the dissolution of bromine was neglected. 

' The eonstanoy of the value of the equilibrium constant K, calcu- 
lated on the assumption that the compound HCIBr^ is formed, 
justifies the assumption. In this connection it is to be noted that 
the mean values of K for the different concentrations of the halogen 
acid appear to vary slightly (Table I). This Can be easily explained 
by the fact that the freezing points of the halogen acids of different 
concentrations, and hence the temperatures at which the reaction 
carried out, are different. Thus the value of K should naturally 
vary. It is also to be noted that the value of the equilibrium 
constant K at 30 as found out by Hay and Sarkar (loc. cit,), is 
1*412; but at —1*585^ it is 1*727. From these it is apparent that 
the reaction Cl'"+Br 2 ClBr^" is exothermic, and it is possible 

that at low temperatures the compound HClBr 2 might exist in the 
free state. This assumption is also confirmed by the fact that the 
heat of reaction, calculated from the mean values of K for the two 
temperatures, has been found to be positive. 


Table I* 

Fomration o/HClBr^. 



Depreebion 

Depression 

Cone, of Bj -2 

Ecpii. 

Degree of 


actual. 

calc. 

in g. per 

25 c.c. 

const. K, 

dissocia 
tion 02 

JV/HCl 

3*655 

1*858 

0 0 

... 

... 

N/HCl + Brt 

0*200 

0*4874 

1*0492 

1*874 

0*4103 


0*120 

0*3107 

0*6686 

1*836 

0-C862 


0 085 

0*2259 

0*4864 

1*852 

0*3762 


0*060 

0*1542 

0-3319 1-708 

Mean 1-817 

0*3891 

iNr/2-HCl 

1*855 

0*929 

0*0 

... 

... 

N/2-H01 + Brj 

0*205 

0*3531 

0*7602 

1*714 

0*5806 


0*170 

0*3004 

0*6468 

1*780 

0*6868 


0-095 

0*1732 

0*3729 

vm 

0*5466 


0-060 

0*1033 

0*2223 

1*708 

0*5809 


Mean 1 *750 


* The freezing paint data are given to the third significant place in decimals, but 
the lesiilta are accurate within * The value of the equilibrium bonstan^ ia not 
much affectedly the uncertainty; 
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Table I (contd.) 
Formaiion of HC)Br 2 . 



Depreision 

acttiui. 

Depression 

calc. 

Cone, of Brj Equi. 

in g- per const. K, 

25 c c. 

Degree of 
; diaaocia* 
tion Of, 

N/4-HCI 

0*92) 

0*4645 

0*0 



A74 HCl + Br, 

0*190 

0*2592 

0*6581 

1*698 

0*7330 


0*170 

0*2312 

0-4970 

1*667 

0*7362 * 


0 140 

0*1921 

0*4135 

1-669 

0*7288 


0-042 

0*0595 

0*1280 

1*756 
Mean 1 765 

0*7023 

N/8-HCI 

0 465 

0*2322 

0*0 


... 

A78-HCI + Br, 

0-175 

0-2080 

0*4478 

1*741 

' 0*8412 


0*167 

0*1858 

0*3998 

1*621 

0*8450 


0-096 

0-1140 

0*2456 

1 723 

0*8383 


0*060 

0*0721 

0*1542 

1 758 
Mean 1*699 

0*8324 

^/13.HCl 

0*230 

0-116 

0*0 

... 

... 

Ar/16-HCI + Bra 

0*127 

0*1414 

0*3039 

1*624 

(y89S2 


0*100 

0-110(> 

0*2381 

1*828 

0*9041 


0*070 

0*0794 

0*1708 

1*677 

0*8851 


Mean 1*6<>3 

Mean value of 1*726 Mean tein|wature- —1*535* 

'Ih^ beat of formation was calculaiad between the mean value 
of K at -l*5a5^ (i.t?., 1*727), and that of A' at 30° {i.c,, 1*412) (Ray 
and Barker, loc. cit,) and was found to be 1044 calories. The heat 
of formation for ClBr^ (KClBr 2 ) as found by Job (/<>(*. cH:) is" 1000. 

Formation and Di»sociatwn of ihc Compound, 

m 

The reaction between iodine and hydrochloric acid can only be 
studied in concentrated acid ^lution. Owing to the sparing 
solubility of iodine in hydrochloric acid, the reaction could not be 
studied with acids below the normal strength. In the case of hydro- 
chloric acid of higher concentrations, the freezing point was found 
to be ^ery low; the freezing point of 2iV-HCl is about -^7°; that 
of 4N-HC1 about —16° and so bn. At these low temperatures, the 
composition of the solid separated might not 'bfe pure ice, and so 
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compIicatioDe might arise. Thus the results with higher strengths 
of the aeid could not be regarded as reliable, and the reaction was, 
therefore, studied only with the normal hydrochloric acid. The 
same poocedure as in the previous case was adopted, the titration 
was made with N/20 thiosulphate. 

The mean value of the equilibrium constant K was found to be 
1’836 at —3*771®. The heat of formation was calculated between 
this value and that of K at 25®, i.c., I'OO (Ray and Barker, loo. cif.), 
and was found to be 762 calories. The value for the corresponding 
,ion ClIa/(KCll 2 ) found by Job (?oc. cU.) is 695. 


Table II. 

Formation of HClIg. 



Depression 

actaal* 

Depression 

calc. 

Cone, of Ij 
in g. per 

25 c.c. 

Equi. 
const. K. 

IWree of 
dmocia* 
tion Of 

N-HCI 

3 655 

1*858 

0*0 

... 

... 

N-HCl + Ij 

0*027 

0*0768 

0*2517 

1*894 

0*3516 


0*C^ 

0*0542 

0*1842 

1*797 

0*3690 


0-015 

0*0433 

0*1471 

1*818 

0*3464 


Mean 1*83(3 

Formation and Dissociation of iho Compfnind, 

When the reaction was studied with hydrobromic acid and bro- 
mine, abnormal results were obtained with normal hydrobromic acid, 
and with higher concentrations of bromine in semi-normal acid; the 
freezing points instead of being depressed were found to be elevated. 
It was thought that this elevation was due to the separation of some 
solid with ice, whereby the concentration of the acid was diminished. 
The compound separated can not be bromine hydrate, as can be 
judged from the results of analysis, given hereafter. The formation 
of any solid hydrate of hydrobromic acid is, however, excluded* as 
the experiment was conducted at about 4®, which is considerably 
above the stability of such hydrates. Normal results were^ however, 
obtained with low concentrations of bromine in hydrobromic acid of 
lower strengths (A^/2 — iV/10). The equilibrium constants of the 
reaction are given in Table III. 
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Table III. 

Formation of HDrs. 



Depresaion 

actuuK 

DepresaioD 

calc. 

Cone, of Brj 
in g. per 

26 c.c. 

Eqoi. const. 

K. 

Degree of 
diaaooiati a 
02 

iV.HBr 

3*511 

1*858 

0*0 



N.HBr^Brj 

-*0165 

0*7649 

1*646 

**• 



-0*112 

0*5955 

1 282 


... 


-0*100 

0*6358 

1*153 

... 

... 


-0 105 

0*5148 

1*108 


... 

AV2.HBr + Br2 

1-806 

0*92«0 

0*0 

... 

• *•* 

\ /2.HBr + Bf, 

-0 010 

0-C6‘.K) 

1*422 

... 

... 


0*0 

0*6141 

1*322 


... 


0065 

0*3715 

0*7982 

19 74 

0 1480 


0*020 

0*1786 

0*3845 

21*04 

0*1119 

- 



Mean 20 89 


N/4-UBr 

0*020 

0*4645 

00 

*%• 

• *e 

A’ /4*HBr Brj 

0*076 

0*2906 

0*6256 

21*40 

0*2681 


0*037 

0*1716 

0*3694 

20*43 

0-2166 




Mean 20*91 


AT/S-HBr 

0*466 

0*2822 

00 

... 

... 

N/S-Hljr + Br, 

0*146 

0*2874 

0*6183 

20*36 

0-6046 


0*060 

0*1631 

0-3294 

20*91 

0-8912 




Mean 20*63 


AT/ie-HBr 

0*230 

0*116 

0*0 

... ■ 

... 

N/lG-HBr + Bri 

0-162 

0*2463 

0*6801 

20*97 

0*6172 


0-115 

0.1779 

0*8827 

19*28 

Mean 20*13 

0-6464 


Mean value of K— 20*515 
Mean temperatme— —0*945* 

. Tbo beat of formation wee calculated between this value foid 
that of Kfat 25” • 10*2 (Lewie and Bandal. J. Amer. Chcm, 8oc., 
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1916, 38. 2B64), and was found to be 1467 oaloriea. This is of the 
same order as those found by other investigators as given below. 

Beitbellot (Compt. Rend., 1883. N, 1618) ... ... 1390 oalorieti 

Lewis and Randal (/oc. ctf.) ... ... ... 1650 

Job (lve.=crt0 ... ... ... 2030 

Preparation of HBra erijstals . — A concentrated solution of bro- 
mine in hydrobrotnic acid (about 1*5 N) was prepared and then allow- 
ed to freeze. The solid, separated, wa.s filtered rapidly on the pump 
through an ice-cold filter and washed with a few drops of ice-cold 
water free from the adhering liquor. The yellow crystals mixed wrth 
ice was transfered quickly to a measuring fiask, the solution made 
up to the mark with cold water. 50 c.c. of this solution was taken 
and the -amount of free bromine est imated by titration with A^/lOO , 
thiosulphate. Sulphur dioxide was then passed through another 
50 o.c. to reduce the bromine to hydrobromic acid. The total bro- 
mine was then c.stimated as silver bromide in pre.sence of nitric acid. 
The ratio of the weight of free bromine and combined bromine was 
calculated and found to agree with that for the compound HBr,. 
(Table IV). 

Table IV. 

Composition of Yellow Crystals. 

Wt. of combined Brj (a) 0'01314g. 0'01703g. O'01946g. 0‘03266g. 

Wt. of free a-j (l>) 0*02797 0*08688 0*04061 0*04797 

Batiob/a *’128 8*066 3*081 3*117.. 

The ratio was -found to agree closely with that calculated for the 
compound HBrsi {Le., 2), and hence it is deduced that the compound 
found is HBra. 

Formation of the Compound, HBrl 2 . — Abnormal results were 
uniformly obtained in the reaction between hydrobromic acid and 
iodine, the freezing point instead of being depressed was actually 
found to be raised. The higher the concentration of the halogen, 
the more was the elevation of the freezing point (Table V). This 
elevation of the freezing point was believed to be due to the 
separation of the compound HBrl^ with ice. whereby the oon- 
cfltqj^tion of tbebah^en acid diminished. With ty« idenin 
a p.6Aopnbrnlted aolatioh of iodfaio in hydrohromio acid {about 1*5N 
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was preparrd and strongly cooled (about —4®), The solid, 
(orange red crystals mixed with ice) separated, was filtered and made 
up to a definite volume as in the previous case. 50 o.o. of this solu* 
tion was measured off, and the free iodine determined with N/lOO 
thiosulphate. Sulphur dioxide was passed through another 50 c.c. to 
reduce the iodine to hydriodic acid. The total halogen was estimated 
as silver halides, and the amount of bromine found out by subtract- 
ing the amount of iodine previously determined. The ratio between 
the weights of iodine and bromine was found to agree with that for 
HBrl^ (Table VJ). 


Tarlk V. 


* 

Klevatioo uctiiat# 

Depression calc. 

Cone, of I] in 
per 25c.c. 

A-HBr + Ij, 

0*032 

0*06644 

0*1980 


0 020 

0*03774 

0*1290 


0-()22 

0*02684 

0*08835 


0016 

0*01828 

0*06247 


0 002 

0*01286 

0*04398 

A’/a HBr + I* 

0'(il2 

0*01936 

0*06616 


0*007 

0*01492 

0*0610 


0*0 

0*008 

0 02735 


Taui.k VI 

Cntnpoaiiion of Orangv Red Cryaiah. 



Wt. of If. 
a 

Wt. of 
AgBr4- Agl. 

wt. of Br,. 

e> 

Ratio a/ 6. 

a/b for HBrtj 
(calo.) 

I. 

(f(U478 g. 

0*03762 g. 

0^H33 g. 

3*412 


11. 

o-oao6i 

0*05227 

0 006087 

8*370 

8*176 

HI. 

0*02P06 

0*06446 

0-00770'i 

3*247 


IV. 

0'080(J7 

0*07706 

0009116 

3*24)8 


« 

4 



3-831 
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Formation of the compownrJ, HI 3 . —Abnormal resultB were also 
obtained in the reaction between iodine and hydriodic acid, the freez- 
ing point was always found to be raised. The solid (red crystal 
mixed with ice) was separated and analysed as in the previous case. 
The ratio between the weights of free iodine and combined iodine 
was calculated and found to agree with that required for the com- 
pound HI 3 (Table VII). 

Table VII. 


Composition of the Red Crystals, 



wt. of I 3 
(free) 
a. 

Wt. of T» 
(combined) 
b. 

Patio a/h. 

a/h for HJ 3 
(caIc.L 

!• 

0-01877 g. 

0 008761 g. 

2*144 


n. 

0-02218 

0 -01019 

2-176 

2-0 

III. 

0-03623 

C -01 760 

2-013 





2-111 



Osaka {Z. Phys, Chem., 1001, 88 , 748) also observed that 
a solution of iodine in hydriodic acid raises the freezing point of the 
latter. This was explained by him on the assumption that the 
affinity constant of the iodides is greater than that of the tri-iodides, 
and hence the total concentration of ions and undissociated molecules 
decreases with the addition of iodine. From this he concluded that 
Dawson’s assumption, that the affinity constants for iodides and tri- 
iodides have the same value, was wrong. From a consideration of 
the above results, however, proving the actual separation of HI 3 
crystals with ice, it can now be affirmed that Osaka’s conclusion is 
obviously wrong and that of Dawson is right. 

It will be noticed from the results of analysis for HBrs, HBrIg 
and HI 3 that the ratio between the free and combined halogen is 
always a little high, which evidently indicates the formation of higher 
polyhalides in concentrated solutions. This is in agreement with the 
observation made by Jakowkin (loc. cit.). 

Summary, 

By means of the freezing point depressions, the formation of 
polyhalides of hydrogen, HOlBr^, HCII 2 and HBra have been con- 
firmed, and their dissociation constants determined at the freezing 
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poipts. From the dissociation constants at the freezing points, and 
from those at 25® or 30®, determined hy Ray and Sarker {loc, cit.) 
their heat of formation have also been calculated. The following 
table gives the values of the dissociation constants and the heat of 
formation of the compounds. 



Dissocial ion constant. 
il/K). 

Heat of formation* 

BCllj 

((•644 

762 calories 

HClBrj 

0-678 

im 

HBrj 

0-049 

1467 


These give a comparative idea of their relative stability? which 
appears to be in good agreement with the general chemical concep- 
tion that weak ions tend to form more stable complexes. 

It has also been possible to separate the compounds His, HBrs 
and HBrl^ in the solid state mixed with ice. 

I take this opportunity of expressing my best thanks to Prof. 
P. R. Ray, M.A. of the University College of Science for his kindly 
suggesting this piece of work to me and for many helpful advices 
that I have received from him in this connection. 

My grateful thanks are also due to Prof. A. Maitra, M.A. of the 
Presidency College for placing all the facilities of his laboratory at 
my disposal and for encouraging me by taking an active interest 
in my work. 


Chemical Ladobatoby 
PKE siDBNcr College, 
Calcutta. 


Received May S, 1932. 




The Constitution of Marmeiosin. Part I. 

By Brij Behari Lal Dikshit and Sikhibhushan Dutt. 

In course of a previous investigation (J. Indian Chcm. Soc,, 
1930, 6 , 759) the important medicinal plant Argle Marmeloa or fhe 
Indian Bel was thoroughly and completely examined from the root 
to the leaf by the present authors, who isolated from the fruit a 
colourless crystalline compound which they named marmeiosin 
and which is most probably the active principle of tbe^ruit. The 
present work is mainly devoted to the elucidation of the constitution 
of the substance. 

Marmeiosin is present in the fruit and in no other part of the 
plant. The percentage varies from 0*03 to 0*37 according to locality 
and cultivation, the small wild varieties of the fruit containing 
proportionately speaking much less of the material than the large 
cultivated variety. The drier the climate the smaller also is the 
yield of marmeiosin. Fruits obtained from Bengal and Assam have 
often been found to contain more than five times as much marmeiosin 
as those obtained from th(? U.P. and the Panjab, for the same weight 
of the fruit. 

Marmelo.sin is a colourless crystalline substance with a faint 
smeli reminding that of Bel. It crystallises in fine silky needles 
from petroleum ether and in large cubical crystals from alcohol. 
It is insoluble in water, but on boiling with water for a long time it 
melts to an oily liquid which on cooling again solidifies to somewhat 
greasy crystals, the substance being partially decomposed by the 
process. In ordinary saturated steam it* is volatile only in traces, 
imparting to the condensed v/ater its characteristic smell, but in 
superheated steam (200-210®)^ it readily volatilises with partial de- 
composition into anhydromarmelosin. When carefully heated by 
itself in a dry tube, it melts, partially carbonises, partly sublimes 
unchanged and is partly converted into the anhydride which condenses 
in the cooler parts of the tube. When quickly heated it decomposes 
completely with evolution of black fumes. Exposed to ordinary 
diffused sunlight marmeiosin slowly assumes a yellow colour. In 
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strong direct sunlight marmelosin is converted into a sticky yellow 
resin in course of a week. Results of a series of analyses and deter- 
minations of the molecular weight by the cryoscopic, ebulliscopic 
and lead salt methods point to a molecular formula One 

of the three oxygen atoms is in an alcoholic hydroxy group since 
marmelosin forms a monoacetyJ, monobenzoyl and a monophcnyl- 
urethane derivative, and also it dehydrates very easily with forma- 
tion of anhydromarmelosin. It does not give any colour reaction or 
precipitate with neutral alcoholic ferric chloride, lead acetate or 

mercuric chloride. 

• 

Although marmelosin does not react with hydroxylaminc, phenyl - 
hydrazine or semicarbazide, and does not reduce Fehling's solution 
yet it is found to reduce Tollen’s reagent somewhat slowly. In its 
behaviour J^wards Tollen’s reagent, it seems to resemble the a^S-un- 
saturated lactones studied by Thiel (Annalen, 1001, 319 , 155) and 
also more exhaustively by Jacobs and Hoffmann (J. Biol. Chem , 
1926, 67 , 333). This view is confirmed by the fact that marmelosin 
develops an intense yellow colour with alcoholic caustic potash as in 
the case of the vast majority of a^-unssturated lactones, and does 
not give any colour reaction with sodium nitroprusside. Thus all the 
three oxygen atoms of marmelosin are accounted for, one in an 
alcoholic hydroxy group and two in a lactonic grouping. 

Marmelosin is unsaturated. It decolorises bromine water slowly 
and bromine in chloroform quite readily. By the action of bromine 
in alcohol or chloroform on marmelosin, a derivative was obtained 
containing three bromine atoms in the molecule. Volumetric esti- 
mation of unsaturation shows the presence of two double bonds in 
the compound and this anomalous position with regard to the above 
tribromo derivative can be explained by the assumption that in 
marmelosin the two unsaturated linkages are in a conjugated 
system. By the action of bromine, therefore, two atoms of the 
element are introduced at the extreme ends of the conjugated system 
and the third atom ente^ the molecule by substitution. The tetra* 
bromo derivative of marmelosin which was obtained by the action of 
a large excess of bromine in carbon tetrachloride on marmelosin, 
could not be made to solidify,, 

Marmelosin readily adds on hydrogen by reduction with any 
strong acid reducing agents with formation of the dihydro derivative. 
The acetyl derivative of marmelosin could also be reduced and the 
product thus formed was found to be identical with the compound 
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obtained by simultaneous acetylation and reduction of marmelosin 
with zinc dust and acetic anhydride. 

ManneloBin is optically active, having in alcohol a dcrlro rotation 
0 ^ 

The optical activity and the dcacfro rotation was 

30 

preserved in all the derival ives of marmelosin that have been pre- 
pared upio this lime. The substance does not show any muta- 
rolation. 

Marmelosin is readily acted upon by concentrated hydrochloric 
acid, 75 per cent, sulphuric acid, anhydrous zinc chloride and phos- 
phorus pentaohloride and also by the action of heat, with elimination 
of a molecule of water and formation of anhydromarmelosin which is 
a colourless crystalline substance with a characteristic terpene like 
smell. In this formation the alcoholic hydroxy group is lost since 
' anhydromarmelosin is no longer acted upon by acetyiating or ben- 
zoylating agents. Anhydromarmelosin on account of its highly 
unsaturated nature soon undergoes transformation in the air 
and even in a sealed tube with formation of a sticky resinous 
substance, 

Py the action of fuming nitric acid on marmelosin, a mononitro 
derivative has been obtained crystallising in yellow needles. Fuming 
hydrobromic acid under pressure converts marmelosin into the mono- 
hydrobromide with simultaneous formation of large quantities of 
anhydromarmelosin. On fusion with caustic soda or potash, 
marmelosin adds on three molecules of water with formation of a 
compound Ci 3 Hjj ^06 which appears to be a hydroxy dibasic acid* 
A 8 per cent, alkaline solution of potassium permanganate readily 
acts \)pon marmelosin with formation of the same compound together 
with traces of succinic acid. 

On distillation with zinc dust marmelosin is converted into 
anhydromarmelosin together with a number of its liquid and 
gaseous reduction and degradation products which could not be 
identified. 


Expcrimbntal. 

Isolation of marmelosin . — It has already been shown (Dikshit 
and Dutt, loc. cit.) that the most suitable solvent for the extraction 
of marmelosin from the dry Bel powder is petroleum ether, which 
also extracts the oil contained in the seeds of the fruit. The 
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proportion of marmelosin in the fruit differs within wide limits 
aooordiug to the locality and variety as the following table will 
show. 

Table I. 


Origin. 

Marmelosin (% ). 

Wild fruit collected from the jungles of eastern and southern 

U.P. (mean of six samples) 

... 007 

Cultivated fruit from Allahabad (three samples) 

.. 0-26 

Wild fruit from the Panjab 

... 0'03 

Cultivated fruit from the Pan jab 

... 013 

(one sample each, Lahore and Delhi) 

Wild fruit from western U. P. 

... 005 

(four samples from Etawah) 

Cultivated fruit from Bengal 

... 0*32 (Cel.) 

(two samples, Calcutta and Dacca) 

0*35 (Dac.) 

Cultivated fruit from Assam ... 

... 0*37 

(one sample from Sylhet) 


To determine which particular portion of the fruit contained 
the largest proportion of marmelosin, a particular well-grown 
cultivated sample of the fruit collected locally was dissected 
and the various parts extracted with petroleum ether. The results 
are shown in Table II, 


Table II. 


Part of the fruit. 


MarmeioBin ( % ). 


Oater rind ••• Nil 

Oater layer of pulp .»* ... 0*15 

Inner layer of pulp ... ... 0*46 

Central core with the seeds and gum removed 0*08 

Seeds ••• ••• 0*02 

Gum ••• ••• Nil 


From the above it will appear that the greatest concentration of 
marmelosin is in the inner layer of the pulp, which is also inci- 
dently the sweetest and most eaten by people and administered in 
disease. 

For the extraction of marmelosin, the fully grown but unripe 
(ripe fruit is difficult to handle on account of its slow drying and 
fermenting propensities) cultivated fruits were broken to pieces, 
dried in the sun, ground to a fine powder in a mill and extracted 
with petroleum ether in a large Soxhlet*s extraction apparatus. 
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Froin the extract, the solvent was distilled o& untill the 
volume was reduced to one-tenth of the original bulk and allowed to 
stand for a day when crude marmelosin crystallised out. This was 
filtered, washed with a little petroleum ether and pressed on porous 
plates until free from the adherent oil. It was then crystallised 
alternately from petroleum ether and alcohol with the addition of 
animal charcoal a number of times, until it was perfectly colourless 
and melted sharp at lOS"*. 

Properties . — Marmelosin has a faint smell of Bel and a slight as- 
tringent taste. It is slightly soluble in benzene and petroleum ether,' 
modiierately soluble in alcohol, chloroform, ethyl acetate, acetone and 
pyridine and insoluble in water. It does not reduce Febling’s solution 
but ammoniacal silver nitrate is slowly reduced. It does not give any 
coloration or precipitate with ferric chloride, lead acetate,# calcium 
chloride or silver nitrate, but on warming with basic lead acetate, a 
white precipitate of the lead salt is formed. It is insoluble in dilute 
caustic soda solution (5% ). but on heating it slowly dissolves with 
a brown colour. On acidihcation of the alkaline solution, a white 
precipitate of marmelosin comes down at once, and the mother liquor 
on standing slowly deposits another substance crystallising in brown- 
ish white needles melting at 14C and possessing the same molecular 
formula as marmelosin. On standing in contact with concentrated 
hydrochloric acid it is slowly reconverted into marmelosin. In 
all probability it is a compound with different type of lactonisation 
than marmelosin. 

Marmelosin does not contain any methoxy or ethoxy group, as 
its treatment with the Zeissers method of estimation of these groups 
gave negative results. 

Physiologically marmelosin is an exceedingly potent drug and 
taken in doses of 0*05 g. it acts as a laxative and diuretic with a 
slight lowering of the respiration and a tendency towards sleepiness. 
In larger doses it acts as a strong depressant for the heart. A de- 
tailed physiological examination of the substance is in progress in 
the King George's Medical College, Lucknow. (Found : C, 72’47, 
72-20, 72 02, 71 95; H, 5*64, 5*18, 5*46, 6-70; M.W, (cryoscopio in 
benzene), 198, 202, 213; (ebulli^opic in alcohol), 208, 212, 218; 
(lead salt), 216*5. Cj 3 H 12 O 3 requires C, 72*2; H, 6*5 per cent. 

M. W., 216). 

Acetylmarmcloain, CjaHj | 02 ’ 0 *C 00 H 3 . — Marmelosin (1 g.) 

, was treated with acetic anhydride (6 o.c.) and fused zinc chloride 

5 
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(2 g. ) and the mixture heated under reflux for 15 minutes. On pouring 
into water a heavy oil 8ep&t&ted which gradually aolidiSed on hag 
standing. This was crystallised from dilute alcohol in colourless 
silky needles melting at 214®, (Found: C, 69*51; H, 5*7, C| 5 * 
H14O4 requires C, 69*76 ; H, 5*4 per cent.). 

Benzoylmarmelosin, Cj aH^O^'O* UOCttH^.— MarmeJosin (1 g.) 
was dissolved in pyridine (30 c.c.) and benzoyl chloride (8 o.c.) gradu- 
ally added with vigorous shaking. The mixture was then heated on 
the water-bath for 4 hour and poured into excess of dilute hydrochlo- 
*ric acid, when a voluminous white precipitate was obtained. This 
was filtered off and digested with dilute sodium carbonate solution 
in order to remove the benzoic acid formed and the residue crys- 
tallised from acetic acid with the addition of animal charcoal in 
pale brownish white needles, m,p. 119-20®. (Found: C, 74*71.; 
H, 5*8. C20HJ6O4 requires C, 75*0 ; H, 5*0 per cent.). 

M armeloain-phenyJur ethane , Cj ;5Hi|020*NHC0CyH..^. — Mar- 

melosin (Ig.) was treated with phenylfsocyanate (5 c.c.) and the mix- 
ture warmed on the water-bath for 1 hour. On allowing the product 
to stand at the ordinary temperature for 1 day, the phenylurethane 
derivative crystallised out which was filtered off and washBd with 
benzene until the smell of phenylisocyanate had completely dis- 
appeared. The substance was then recrystallised from alcohol in 
colourless silky needles, m.p, 245®. (Found: 0, 71*41; H, 5*32. 
C20H17O4N requires C, 71*64 ; H, 6*07 per cent.). 

Monobromomarmeloain dibromide^ C13H1 i03Br Br^. — ^Marmelo- 
sin (2 g.) dissolved in chloroform (120 c.c.) was treated with excess 
of bromine (4 c.c.) and the mixture allowed to stand for 4 hours in a 
dark place. It became quite warm and fumes of hydrogen bromide 
were given off. The solvent and the excess of bromine were then 
distilled off from a water-bath when a pasty semi-solid mass was 
obtained, which on standing over quick lime in a desiccator for nearly 
a month, solidified to ^ vitreous yellow mass. This on crystallisation 
from dilute alcohol with the addition of animal charcoal gave pale 
yellow microscopic needles, m. p. 82®. (Found: Br, 52*4. Ci^Hn- 
OsBrs requires Br, 52*6 per cent.). 

The volumetric estimation of unsaturation in marmelosin was 
carried on as follows — marmelosin (0*3432 g.) was dissolved in carbon 
tetrachloride (10 c«c.) in a stoppered 260 c.c. measuring flask and 
NJ S-hromiue (20 c.c.) in the same solvent added and the mixture 
allowed to stand in a dark place for 24 hours* The mixture was then 
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cooled is ice end water {25 c.c.) quickly added aud well shaken 
and then 10 p c. pctasetum iodide solution (25 c.c ) with 
water (76 c.c.) introduced and the whole thoroughly agitated. The 
iodine thus liberated was titrated against N/lO-sodium thio- 
sulphate. After titration, 2 p.c. potassium iodate (6 c.c.) was 
added and the titration repeated. Twice this value was deducted 
from the above titration value and the equivalents of bromine atoms 
taken up by the marmelosin molecule calculated, which came to 3*94. 
This means two double bonds in marmelosin. 

Ntiromarmclosin, Cj 3 H 1 | 03 *N 04 . — Fuming nitric acid (30 c.c.) 
was cooled to 0 ^ in n freezing mixture and marmelosin (2 g.) gradu-* 
ally lEuided with thorough shaking. The mixture was allowed to 
stand at 0 *^ for about 2 hours and then pieces of ice were added 
which caused the precipitation of a yellow flocculent substance. 
This was filtered and crystallised from acetic acid in golden yellow 
microscopic needles, m.p. 97®. (Found: N, 5*16. C| 3 H|i 05 N re- 

quires N, 5*4 per cent.). 

Dihydromarmelosint C 13 H 14 O 3 . — Marmelosin (2 g.) was dis- 
solved in hot glacial acetic acid (100 c.c.) and the mixtui-e treated 
with zinc dust (10 g.) in small quantities at a time. When the 
metal had nearly dissolved, the mixture was filtered hot into a large 
volume of cold water and the resultant white precipitate filtered off 
and crystallised from dilute alcohol in colourless needles, m.p. 238®. 
Unlike marmelosin this substance does not decolourise bromine water. 
(Found: O, 71*56; H. 6*62. C 13 H 14 O 3 requires C, 71*56; H, 6*41 

per cent.). 

Acetyldihtjdromannidosin, C| 3 H 1 302'0‘C0CH3. — Marmelosin 
was simultaneously acetylated and reduced by heating the substance 
(2 g.) dissolved in hot acetic anhydride (50 c.c.) with slightly moist 
zinc dust (10 g.) and the acetyldihydro derivative isolated in a similar 
way to the above. It crystallises from dilute alcohol in colourless 
microscopic needles, m.p. 176®, The substance is easily soluble 
in most of the organic solvents but insoluble in water. (Found: 

C, 69*6; H, 6 * 37 . requires C, 69*28 ; H, 6*15 per cent.). 

Marmelosin hydrobromide, C| 3 H )202 HBr. — Marmelosin (2 g.) 
dissolved in glacial acetic acid (|00 c.o.) was treated with fuming 
hydrobromic acid (10 c.c.) and the mixture heated under pressure 
in a tightly corked Florence flask immersed in a boiling water-bath. 
After 12' hours beating the flask was cooled and carefully opened 
find the contents poured into excess of cold water. The resultant 
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voluminous brown precipitate was filtered ofiE and crystallised from 
dilute acetic acid with the addition of animal charcoal in bro^ish 
white microscopic needles, m.p. 166®. The mother liquor from the 
above on examination was found to contain comparatively large 
quantities of anhydromarmelosin. (Found: Br, 27‘3. C13H13O3 Br 

requires Br, 26 *9 per cent*). 

Anhydromarmelosin, C|3Hn,03. — Finely powdered marmelosin 
(2 g.) was treated with sulphuric acid (75 p.c., 60 c.c.) and the 
mixture heated on the water-bath under reflux for 12 hours. On 
dilution with water a light brown oil separated out which was 
thoroughly washed with water by decantation and then extracted 
with ether. After drying with anhydrous calcium chloride the ettier 
was removed by distillation and the residual viscous oil allowed to 
stand in the vacuum desiccator for a week, when it solidified to a 
crystallino mass. This was recrystallised from petroleum ether with, 
the addition of animal charcoal in colourless silky needles, m.p. 76®, 
and possessing a penetrating terpene like odour. The substance is 
easily soluble in most of the organic solvents, but insoluble in water. 
Unlike marmelosin it is readily volatile in steam and can also be 
purified in this way. (Pound: C, 78*92; H, 5*8. C13H10O2 requires 
C, 78*78; H, 5*5 per cent.). 

Action of heat on marmelosin , — Marmelosin (2 g.) was heated 
in a small conical flask fitted with an air condenser and suspended 
in an air-bath. The temperature of the latter was raised at the rate 
of one degree per minute. Marmelosin at first melted to a colourless 
liquid which gradually passed through various shades of yellow and 
brown to almost black and evolved vapours which condensed on 
the sides of the condenser in the form of glistening crystals. 
The latter which melted at 76® was identified to be anhydromar- 
melosin, while from the black carbonaceous residue a further quantity 
was recovered by steam distillation. The residue left after this, 
on extraction with alcohol, yielded small quantities of unchanged 
marmelosin. 

Action of phosphorus pentaohloride on marmelosin , — Phosphorus 
pentachloride readily acted upon marmelosin either in the solid state 
or in benzene solution with formation of anhydromarmelosin. No 
ohloro derivative of marmelosin could be isolated from the reaction 
mixture. 

Fusion of marmelosin with caustic potash ^ — ^Marmelosin (5 g.), 
solid caustic potash (80 g.) and water (10 o,c.) were fused together 
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in a nickel crucible and the melt muntained at 140*60° for i hour. 
On cooling it was dissolved in water and acidified with hydrochloric 
acid. A brown precipitate was obtained which was filtered off, washed 
with water and crystallised from dilute alcohol in colourless prisms, 
m.p. 245°. The substance appears to be an aliphatic acid. (Found: 
C, 57'38; H, 6'71%). Taking it to be dibasic the molecular weight 
by the lead salt and the silver salt comes to 267 ‘3 and 269*2 respect- 
ively. From these data the formula C] aHigOe appears likely. 

The aqueous mother liquor from the above precipitate on extrac- 
tion with large quantities of ether and subsequent evaporation of 
the solvent yielded another substance crystallising from small 
quantity of water in colourless prisms, m.p. 08° and which was 
identified to be oxalic acid. 

Oxidation of marmolosin with potassium permanganate . — ^Mar- 
melosin (,'> g.) in dilute caustic soda solution was treated with a 
3 p.c. aqueous solution of potassium permanganate at the ordinary 
temperature until the latter was no longer decolourised. The preci- 
pitated manganese dioxide was filtered off and from the filtrate on 
acidification, the same acid melting at 245°, as described above, was 
isolated in a similar manner. The mother liquor was found to 
contain traces of succinic acid. 

Zinc dust distillation of marmclosin. — Marmelosin (5 g.) on dis- 
tillation with zinc dust in the usual manner yielded a viscid yellow 
oil smelling strongly of anhydromarmelosin, and from which the 
latter was recovered in minute quantities by steam distillation. 
The greater part of the oil did not solidify, nor could it be purified 
to yield any constant analytical data. Qualitative tests indicated 
it to be a mixture of hydrocarbons. During the distillation gaseous 
products were also evolved which did not condense even in a freezing 
mixture, and consisted mostly of aliphatic hydrocarbons as they 
burnt on ignition with a luminous non- sooty flame. No other 
important product could be isolated. 

One of us (B.B.L.D.) wishes to express his indebtedness to the 
Kanta Prasad Research Trust of the Allahabad University for a 
scholarship which enabled him to take part in this investigation. 
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The Stability of Goumarinio Acids Derived from j3a-l :2> 

Naphthapyrones. 


Bv Biman Bihari Dby, Buboocnday Hari Bamachandra Bao and 
Yeonarama Sanbaranarayanan. 

• Although coumarinic or ci«-ort/»o-hydroxycinnamic acids, as a 
class, are unstable, and are reconverted into coumarins when a 
solution of their alkali salts is acidified, there are a few exceptions 
recorded in literature of moderately stable coumarinic *acidB such 
as those derived from 8-nitrocoumarin (Miller and Kinkelin, 
Ber., 1889, 22, 1706), 3-aoetyl-4 :5 :7-lrimethylcoumarin-6 :8-dicar- 
boxylio acid diethyl ester (Jordan and Thorpe, J. Chem. 8oc,, 1915, 
107, 387), 6-nitro-a)3-l : 2-naphthapyrono and 6-nitro a/8-l : 2-naphtba- 
pyrone-4-8cetio acid (Dey, J. Chem. Soc., 1915, 107, 1.606), and a few 
othefs. It will be noticed that in all these cases the coumarinic acid 
is stabilised by the entrance of acidic groups, e.g., nitro or carboxyl, 
the effect being most marked when the acid radicle is in position-8. 
Thus the separation of a mixture of 6-nitro-and 8 nitrocoumarins has 
been made by taking advantage of the superior stability of the cou- 
marinic acid derived from the latter (Dey and Krishnamurthi, J, 
Indian Chem. Soc., 1927, 4 , 197). The entrance of alkyl groups, on 
the other hand, either in the benzene or in the pyrone rings, is found 
to produce the opposite effect (of. Hjelt, Ber., 1894, 27, 8832 ; Fries 
and Volk, ^nnalcn, 1911, 379, 92). 

Certain /8a-l :2-naphthapyrone derivatives, e.g., 4-methyl-)3a-l:2- 
naphthapyrone, 3-chloro-4-methyl-/8o-l ; 2-uaphthapyrone and j8a-l :2- 
n apthapyrone-4-acetio acid (Dey, J. Chem. Soc., 1915, 107, 1618) ap- 
pear, therefore, to be quite exceptional in as such as they provide the 
only known examples of coumarins yielding stable coumarinic acids 
notwithstanding the presence of Hlkyl groups and the absence of any 
acidic substituents in the ring. The anomaly becomes most striking 
when the behaviour of these is compared with that of the isomeric 
a^-1 : 2-naphthapy rones having alkyl substituents in similar positions 
in the ring. The latter give only unstable cts- acids which undergo 
ring>olo8ure» the moment they are liberated from their alkali salts. 
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The production of these stable coumarinic acids was considered at 
first to be characteristic of all )3a-naphthapyrones. but a study of this 
reaction with different members of the ^a-naphthapyrone series has 
now shown that the stability of the cis-acids is apparently connected 
with the presence of an alkyl group in po8ition*4 in the pyrone ring. 
This fact was brought into prominence while the action of alkalis on 
3>bromo )Sa-1 : 2-naphthapyrone (I) and 3-cliloro-4-methyl-/Sa-l :2- 
naphthapyrone (II) respectively was being investigated. They exhi- 
bited a curious difference : the former reacted normally like other 8- 
halogen substituted coumarins, and yielded the usual furan derivative 

(III) with the elimination of alkali bromide, while the latter was con- 
verted into the remarkably stable chlor()-/?a-naphthacoumarinic acid 

(IV) from which no elimination of alkali chloride was possible under 
the usual conditions. 



ct5>a.Bromo-/3-2-hydroxy-l-napbthylacrylic acid (K-ealt) (unstable). 


COOK 




(III) 


tfan«-Acid« 


^.NaphtkafurancarboKylic acid, * 
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(IV) 

c?i*-o-Chloro-/5-2- hydroxy -1-naphthylcrotonic acid (Btable). 


The presence of a CH^ group in po8ition-4 in the pyrone ring, or 
its absence, must therefore be regarded as the only factor witii which 
tliis remarkable difference of behaviour with alkalis is associated. 

The reaction of 3-nitro-/ia-l ;2-naphthapyrone with alkalis is 
equally interesting. When the stable Irans-or naphthacoumaric 
acid is carefully nitrated in acetic anhydride solution, a nitro group 
enter position-S with the simultaneous closure of the pyrone ring, 
and wh^.*nthe nitro derivative is treated with hot alkali, the pyrone 
ring is completely ruptured and 2-naphthol-l-aldehyde obtained in a 
quantitative yield. The following equations represent the reactions 
taking place. 


COOH HKO, 
HC=— C 


H 

OH 


CNOa 
C CO 


KOH 



07 ° 


tfflii«-/S-2-Hydroxy-l naphthyl acrylic acid 3-Nitro-i9a-l:2.naphthapjrone 
(stable, m.p. 166* ). (m.p. 244®). 

CHO 


ryf” 


+ CH3NO.^ + K8COa 

\/\/ 

^-Naphthol-a-ttldebyde (m.p. 81*). 

0 



284 B. B. DEY, R. H- R. RAO AND Y. SANKARANARAYANAN 

It is clear, therefore, that the entrance of a nitro group makes the 
pyrone ring unstable. 

The stable ^-naphthaooumarinic acids have been assigned the 
configurations on the sole evidence of the extraordinary ease with 
which they are converted into the original coumarins when (a) they 
are heated to their melting points, (6) they are crystallised from hot 
solvents like acetic acid, or (c) they arc even preserved in a desicca- 
tor for several days (c/. Dey, loc. cit.)^ It must be noted, however, 
that hitherto all attempts to convert these stable c/s-or coumarinic 
• acids into their fra/vs-isomers have been unsuccessful, although the 
other coumarins which give only unstable cis acids have all beeq con- 
verted by the usual methods into the stable fraas-or coumaric acids. 
A comparative study of the stabilities of the coumarinic acids derived 
from a few representative members of the /8a- 1 : 2-nap hthapy rone 
family has now been made, and the results are summarised in the 
following table. 


Name. 

M.p. 

r/s*-Acid. fr<eiv-Acid, 

$a-l :2-Naphtbapyrone 

118* 

Unstable. Stable, colourless needles, 

m.p. 165*. 

4.Methyl-/8a.l;2-na|)hlha- 

pyrone 

181* 

Stable, soft Not known, 

rolouriess plates 
with a pearly lustre, 
m.p. 146* (decomp.). 

a-Chloro*4-metbyl-/3a-l :2- 
napbtbpyrone 

135^ 

Stable, colourless Not known, 

mica like plates, 
m.p. 148* (decomp ). 

?-Nitro-4-methyl-/3a-l :2- 
naphthapyrone 

274" 

Stable, small Not known, 

yellow prisms, 
m.p. 271* (decomp.). 

/9a*l :2-N aphthapy rone-4- 
acetic acicl 

191* 

Stable, pale yellow Not known, 
plates, m.p. 174* 

(decomp.). 

/3a-l:2-Napbtbapyrone-3- 
acetic acid 

265* 

Unstable. Stable, colourless plates, 

m.p. 79*. 

4- Methyl- /3a- 1 :2. napbtba- 
pyrone-8-acetic acid 

‘ 199* 

Stable, colourless Not known, 

shining plates, 
m.p. 154* (decomp.). 

3-Metbybi3a-l :2-napbtba- 
pyrone 

158" 

Unstable. Stable, colourless plates, 

m.p. 138*. 

d-Broino-/Ba - 1 :2-napbtba- 
pyrone 

165* 

Unstable. Not known. Changes 

into /B.napbthafuran- 
carboxylic acid, 
m.p. 192*. 

S-Nitro-/3a-l :2-naphtha- 
pyrone 

244* 

Unstable, decouu 

poses into 2-napli 'hoi- , 

X-aldehyde, m.p. 81* 
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The following conclusions may legitimately be drawn from the 
results tabulated above. 

(а) The unsubstituted ^a-1 :2-naphthapyroneB or those with a 
methyl or an acetic acid group in position-3 in the pyrone ring, 
behave normally and yield only unstable t ts- or coumarinic acids. 

(б) ySa-l :2-Naphthapy rones having a methyl- or an acetic acid 
group in po8ition-4, yield stable coumarinic acids, but the latter 
cannot be transformed by the usual means into the isomeric irans- 
or coumaric acids. The stability of these c/ff-acids is not induenced 
in any way by the introduction of another atom or group in^ 
posj^ion-B. 

(c) The pyrone ring is rendered unstable by the introduction of 
negative elements or groups, Cl, Br, or NO 2 in the 3-position, 
the latter being removed by boiling alkalis, so long as posUion-4 is 
unoccupied. 

The work on the influence of substituting groups other than 
alkyl, c.tj., OH, NO^i COOH, etc., in position-4, on the stability 
of c/<?-acids derived rrom /Ja 1 :2-naphthapy rones alone, is in progress. 


Experimental. 


I : 2 -Xaphthapyvonv . — This was prei^ared by modifying the 
conditions described by Kauffmann {Bcr., 1883, 16. 683). The yield 
was much improved and less tarry matter was as^sociated with the 
crude product by heating the mixture in a sealed tube at a lower 
temperature (100^) for 3 — 4 hours. The product was washed with 
50 p.c# methanol, and the residue crystallised twice from boiling 
absolute alcohol. ' A maximum yield of 3*8 g. of the pure pyrone 
(m.p. 118^) was obtained from 5 g. of the naphthol-aldehyde. 

tran8-/8-2-Hydro.rf/-l naphthijlacrylic avid (j3-2^aphihacoumaric 
acid ). — On boiling the /8-naphthapyrone with 2A"-alkaIi for several 
hours and acidifying the clear solution, only unchanged coumarin was 
precipitated. The pyrone (1 g.) boiled with 40 p.c. caustic potash 
for 6 hours, gave 0T5 g. of the oourmaric acid, m.p. 165^ 
(deoomp.), the remainder of the coumarin being recovered unchanged. 
(Found: Eq. wt., 216. CjgHjoOa requires Eq. wt., 214). 

ois-l 3 - 2 -HydroJ'ipl-naphihylcrotonic acid {4‘Methylf^ naphtha cou- 
marinic acid) (Dey, J. Chem. 80 c., 1915, 107» 1630). — The acid 
crystallised in lustrous plates on acidifying the cooled alkaline 
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fiUrste. It melts sharply at 146® evolving steam and passing over 
nto the original pyrone (m.p. 180®). (Found; Eg. wt*, 229'8. 
Cj^HjgOa requires Eq. wt., 228). 

cis-a-Chloro-jS "J-hydroxy-l^naphthylcroionic acid (S-Chloro-4^ 
methyl- 13-naphthacountarinic acid) (Dey, loc, cit., 1630). — The acid 
crystallised in the same way as the preceding acid, m.p, 148®, and 
passed over into the coumarin (m.p. 135®). (Found: Eq. wt., 266. 
C 14 H-HO 3 CI requires Eq. wt., 262*5). 

? Nitro^4 mcthyh^a-1 : 2-napfe^feapyronr.-— 4-Methyl-^-naphthacou- 
marinic acid (1 g.) was suspended in acetic anhydride (10 c.c.) and 
the ice cold mixture treated with the calculated quantity of fuming 
nitric acid (0‘25 c.c.). The solid dissolved immediately and frt>m 
the clear orange solution, a crystalline solid slowly separated out. 
The solid was collected after 12 hours, and crystallised twice from 
hot glaci&l acetic acid in minute yellow needles sintering at 268® , 
and melting at 273®. It is insoluble in cold sodium carbonate or 
alkalis. Analysis showed it to be a pure mononitro derivative. 
(Found: N, 5‘45. C 14 H 9 O 4 N requires N, 5*49 per cent.). 

ois'P-2-Hydroxy-?-nitro-l-naphihylcrot()nir acid. — The clear 
orange<red solution by boiling the preceding nitro body with 2 N- 
alkali precipitated the acid as a yellow amorphous solid on acidifica- 
tion, It dissolved in cold sodium bicarbonate and was converted at 
its melting point (271®) into the original pyrone (m.p. 273®). Ana* 
lysis gave values agreeing with those required for the free acid 
formed by rupturing the pyrone ring. (Found : N, 5’2. OJ 4 H 3 lO^N 
requires N, 5 ()8 per cent.). 

ois-^-2-Hydroxy-l-naphthylglulaconic acid (Dey, loc. cit.). — It was 
prepared from /8-naphthapyrone-4 acetic acid as a yellow crystalline 
powder (m.p. 174®) decomposing at its melting point into the pyrone 
(m, p, 191®) and water vapour in the manner characteristic of 
coumarinic acids. The py rone-ace tic acid then loses carbon dioxide 
and forms ultimately the 4-methyl-^-naphthapyrone (m, p. 180®), 

trans- / 8 - 2 -Hydroxy - 1 -na p h Ihylitaconic ,A c id . 

H COOH 

I I 

C=GCH«COOH 

y\/\on 


\y\y 
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This was prepared from j3-naphthapyrone-8 acetic acid (Dey and 
Sankaranarayan, J. Indian Chem, Soc., 8 > 817) by tbe method 

described by Sen and Cbakravarti (J. Indian Chem. 8oc., 1030, 7, 247). 
The pyrone (1 g.) is dissolved in 6 p.o. caustic soda (20 o.c.), the solu> 
tion boiled for 10 minutes, diluted to 60 c. c. and red mercuric oxide 
(1 g.) added. Tbe mixture was boiled under reflux for 1 hour, filtered 
and acidified when only an opalescent solution was obtained. This 
was extracted 4 times with ether (80 c. c. ) and the ethereal layer 
separated and re-extracted with a small quantity of 2 .N-caustic soda 
(15 c. c.). On acidifying the alkaline extract, the acid came down 
in tiny plates, m. p. 75-76'’. Crystallisation from the minimum 
an[ft>unt of hot glacial acetic acid gave colourless rectangular plates, 
m. p. 79®. (Found: Eq. wt., 142. (CijHiaOs)^ requires Eq. 
wt., 186). 

cis-/3^-Mcthyl-2-hydroTij-l-naphthyHlaconic Acid. 

CHa CHg COOH 

I I 

C = CCOOH 





This was prepared from 4-methyl-/3-naphthapyrone-3-acetic acid 
(Dey and Sankaranarayan, loc. cit.) by dissolving in 2A'-cau8tio 
soda at room temperature and acidifying the solution after 1 hour. 
It crystallised in colourless shining plates, m. p. 154® and changing 
immediately with separation of water into the pyrone-8 acetic acid 
(m. p 199®). (Found: Eq. wt., 144. (CjtjH, 405 )j requires Eq. 
wt., 143). 


iraiiB-^-2-Hydrory-l-naphthylmcihacTylic Acid. 

H COOH 

U I 

^=C— CH., 
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When 3-methyl-^-naphthapyrone (Bartsch, Bcr*, 1903, 86i 1970) 
was boiled with 40 p.c. caustic soda for 2 hours and the clear solution 
acidified, only the unchanged material (m.p. 158°) was precipitated. 
The irans or coumaric acid was obtained only through the agency of 
mercuric oxide by the process described before. It was thrown down 
from the alkaline filtrate as a white precipitate which crystallised 
from boiling dilute acetic acid as colourless plates, m. p. 138°» 
(Found: Bq. wt., 228. requires Eq. wt., 228). 

The methyl ester, prepared in the usual way, crystallised from 
methanol in clusters of colourless plates, m. p. 130°. It is insoluble 
in alkali carbonate but dissolves in caustic soda with a pale yellow 
colour. ** 

3-Bromo-fia-l :2 naphthapyronc. — /3-Naphthapyrone (2 g.), dissolved 
in carbon disulphide (5 c. c.) was treated with a solution of bro- 
mine (1*6 g.) in the same solvent (5 c. c.) and the mixture exposed 
in a silica flask to bright sunlight for 6 hours. The colour darkens 
on exposure. The solvent was evaporated off at ordinary tempera- 
ture when a dark red mass presumably containing the dibromide 
was left as residue. It smelt strongly of bromine and was sparingly 
soluble in alcohol, but all efforts at getting it in a pure crystalline 
condition were fruitless. The mass (2*3 g) was suspended in me- 
thanol, treated with 2A'-caustic soda (5 c. c.) and the mixture 
heated on a boiling water-bath for ^ hour The resulting solid crystal- 
lised from dilute alcohol in white silky needles, m.p. 165° (decomp.), 
yield 0*6 g. (Found: Br (by Stepanow’s method), 29*26. CiyHyO^Br 
requires Br, 29*06 per cent.). 

(3 Naphtha f iirancarboxylic acid, — The bromopyrone (0*4 g.), dis- 
solved in alcohol (.0 c. c.) was treated with 30 p. c. caustic potash 
(5 c. c ) and warmed on the water-bath. The clear solution very soon 
deposited crystals of the sparingly soluble potassium salt of the furan- 
carboxy lie acid. It dissolved on boiling with excess of water and 
crystallised again in fine yellow needles on cooling the solution. The 
free acid (m. p. 192°) was obtained by trituration with hot water 
containing hydrochloric acid. (Found :Eq. wt., 215*3. re- 

quires Eq. wt., 212). 

3-Nifro-^a-l :2’naphthapyrone . — Direct nitration of the pyrone ge- 
nerally resulted in a mixture from which it was difficult to isolate the 
pure mononitro derivative. The latter was obtained by nitrating /3- 
naphthacoumaric acid under precisely the same conditions as tho.se 
employed in nitrating 4-methyl-i3-naphthapyrone. It crystallised 
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from a large volume of hot acetic acid in orange yellow needles, 
m. p. 244®* (Found: N, 5*85* C 13 H 7 O 4 N requires N, 5*81 
per cent.). ^ 

The position of the nitro group was revealed by the action of hot 
alkali on the compound. On boiling the nitro body with 30 p. c. 
caustic potash for a few minutes and acidifying the clear cold solu- 
tion, a yellow oil separated which, on distilling in steam, passed over 
and condensed in the receiver as a pale yellow crystalline solid. A 
single crystallisation from dilute alcohol gave colourless needles 
melting at 81® not depressed by admixture with 2 -naphthol-l‘al(le- 
h;^de. It was also identified by conversion into the phenylhydra* 
zone. 


Pbeb I DKN c Y Col l vm i* , 

Mahkas RrcdrffI May ID, 1D32. 




Some Acid Constituents of Jute Fibre. 

By J. K. Chowdhury and M. N. Mitra. 

•t 

The presence of acid substances in jute fibre may be surmised 
from the wellknown fact that in dyeing, jute behaves like a tanned 
fibre and has direct affinity for basic dyes. This surmise ^ceives 
farther support from the fact that when boiled with 12 per cent, 
hydrochloric acid, jute fibre evolves considerable amount of carbon 
dioxide, indicating the presence of acids belonging to the “ uronic " 
group. The present investigations were undertaken with a view 
to isolate and identify the various acidic substances that might 
be present in jute and as a result galacturonic, glycuronic and pectic 
acids have been found present in the fibre. 

The separation and isolation of glycuronic and galacturonic acids 
are particularly difficult when they ^ occur side by side in any sub- 
stance. Glycuronic acid has been separated by us from the major 
part of galacturonic acid by taking advantage of the easy oxidisability 
of the latter by means of air, while galacturonic acid has been 
separated from glycuronic acid through the barium salt. 

Unlike glycuronic acid, galacturonic acid could not be obtained 
in crystalline form. Both these uronic acids yielded carbon dioxide 
and furfural when treated with 12 per cent, hydrochloric acid. 
The carbonic acid and furfural values served as a means for their 
characterisation. Both reduced Fehling*s solution and responded 
to Mohlish test. On boiling with 2*5 per cent, sulphuric acid, de- 
carboxylation took place and glycuronic acid yielded xylose while 
galacturonic acid yielded arabinosf . Bromine water oxidised the 
former to saccharic acid and the latter to mucic acid. Both formed 
cinchonine salt which served as a means for their identification. 

Crude pectin extracted from jute with 5 per cent, ammonium oxal- 
ate was purified and then converted into free pectic acid by the method 
of Candlin and Schryver (Proc. Roy, Soc,, 1928, B, 103, 367). 

7 
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Unlike the pectic aoid from onion and citrus as obtained by the 
above workers, the pectio aoid from jute was found to give colloidal 
solution with water and had, therefore, to be precipitated from its 
ammonium salt by alcohol acidulated with concentrated hydroohlorio 
aoid. The yield was 2'18 per cent, (calculated on delignified 
jute). 

The pectio acid, thus obtained, was a very light, absolutely 
white amorphous powder and gave insoluble salts of heavy metals. 
It became greyish black at 195-97® and melted with decomposition 
at 233-85°. It was found insoluble in almost all the usual organic 
solvents. When heated with acid and alkali decarboxylation , and 
hydrolysis took place. This was evidently the reason that it could 
not be detected in the ammonium extract from which the uronic 
acids wore isolate<l. On heating with dilute acid (‘I N-sulphuric 
acid), hydrolysis without any decarboxylation took place but when 
boiled with 7‘6 per cent, sulphuric acid, hydrolysis and decarboxyla- 
tion proceeded simultaneously and 15‘81 per cent, galactose was 
found in the products of hydrolysis. 

Special mention may here be made of the furfural value of the 
uronic acids. Nanji, Paton and Ling (J. Soc. C hem. Ind.,- 1925., 
4i, 253t) mention 33 per oeUt. as the furfural value of these uronic 
acids while Norman (Biochem. J., 1929, 23, 1853) gives 16'66 per 
cent, as the furfural value of uronic anhydride. None of the investi- 
gators have, however, furnished any experimental data in support 
of these figures. The furfural value of glycuronic acid has been 
determined by us and found to be 21 '84 per .cent. This figure is 
in fair agreement with that of galacturonic acid (19*96 p.o.) 
determined by Ehrlich and Schubert {Ber., 1929, 62, 2012). It is 
evidently incorrect to estimate the pentoses in plant products from 
the furfural value alone, a part of which must be attributed to the 
uroninic acids. In the light of the present determination of the 
furfural value of uronic acids as 21*84 per cent., it will be seen that 
about l/5th of the total furfural yield of jute fibre must be attributed 
to the presence of these acids and only the rest to pentosans. 

Expbkimektal. 

Delignification of jute fibre was carried out by chlorine peroxide 
gas in* large soda-lime towers with ground glass joints. The fibre was, 
however, previously boiled with 0*5 per cent, caustic soda solution 
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tor 1 hour in order to faoilitato the removal of lignin. The anidytioai 
data of the raw uid delignified jute are given below. 



Baw jute. {%). 

Delignified jute (%). 

Lignin 

12-74 

Nil 

a*eelioloBC 


60*82 

Ash 

0-605 


Fat A resin 

0-586 

Nil 

Furfural 

t 

11-603 

10*894 (calc, on raw jute) 

Uronic acida 

10-824 

10*924 ( „ ,. ) 


Extraction with ammonium hydroxide . — The delignified fibre 
was extracted with 17 per cent, ammonium hydroxide for 6 hours 
at a stretch at 45°. The excess of ammonia was driven off from 
the brown extract at a low temperature. It was found that about 
three extractions were necessary to make the fibre free from uronic 
carbon dioxide. 

Isolation of glycuronic acid . — A portion of the extract was treated 

with basic lead acetate when a yellowish precipitate was obtained 
which was washed free from lead. This was suspended in water 

and decomposed with sulphuretted hydrogen. Considerable diffi- 
culties were experienced in removing the precipitate of lead sulphide 
owing to its colloidal nature. Precipitation was, however, facilitated 
by the addition of a little alcohol to the filtrate which haul been 
previously freed from the sulphide as far as possible. The filtrate 
was "decolourised with animal charcoal and concentrated under 
reduced pressure (15 mm.), a slow current of air being passed 
through a capillary during evaporation. After a time, white preci- 
pitates began to separate out and the syrup was poured in excess 
of alcohol when a white precipitate was thrown down. It was 
filtered, weished with alcohol and dried. A part of this substanoft 
was found soluble in cold water giving an opalescent solution while 
the residue, crystallised from Itot water, yielded crystals of mucio 
acid. The opalescence of the solution could be removed with a few 
drops of acetic acid. It was concentrated under reduced pressure 
and poured to excess of alcohol. The precipitate was further 
purified by repeated solution and precipitation and was found to 
have pre^erties similar to those of glycogen. The alcoholic filtrate* 
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after precipitation of mucic acid and glycogen, was concentrated in 
vacuum and left in a vacuum desiccator over sulphuric acid for 
2 — 8 days, when white crystalline needles of glycuronic acid were 
obtained. 

The following tests served to identify and characterise the above 
mentioned products. 

Olycuronic acid melted at lf59-61°. The cinchonine salt was 
prepared by adding a concentrated solution of cinchonine in 96 per 
cent, alcohol to a 2 per cent, alcoholic solution of glycuronic acid. 
Crystals were obtained on concentration and standing overnight and 
were recrystallised from alcohol, m.p. 199-200^. Qlycuronicr acid 
yielded 21 ‘84 per cent, furfural as determined by the phloroglucide 
method. Nitrogen found in the cinchonine salt was 6*03 per cent. 
(theoritJ^caly 6*74 per cent.). The acid reduced Fehling’s solution, 
turned yellow with caustic soda and responded to the Mohlish 
test with a-naphthol. Decarboxylation of the acid was effected as 
follows : 

The acid (about Ig.) was boiled with sulphuric acid (130 c.c., 2*.5 
p. c.) for 3 hours under reflux. The excess of sulphuric acid 
was removed with powdered barium carbonate and the filti'ate was 
concentrated to a syrup in vacuum. The presence of xylose in 
the syrup was established by Tollens’ Orcinol test and by means of 
Bertrand's reagent. 

Mucic acid as obtained above melted at 214° and the silver salt 
gave Ag, 6*03 per cent. The tetraacetyl derivative melted at 262- 

63®. 

Glycogen, a white amorphous powder formed an opalescent solution 
in water, the opalescence being removable by a few drops of acetic 
acid. Iodine gave a reddish brown coloration which disappeared on 
heating and reappeared on cooling. It formed insoluble precipitate 
with basic lead acetate and turned slightly yellow on prolonged 
exposure to air. Hydrolysis with dilute hydrochloric acid yielded 
glucose, which was identified by Barfoed's and Ny lander's reagents. 

Isolation of galacturonic acid . — The delignified fibre was extract- 
ed with ammonium hydroxide (5 per cent.) under the same conditions 
as described before and the extract was freed from ammonia at a 
low temperature (45°). On the addition of barium hydroxide, 
the barium salt of glycuronic acid separated out and was washed free 
from baryta and then decomposed with sulphuric acid, the excess 
being removed with powdered barium carbonate. The filtrate was 
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oonftentrated under reduced pressure. On pouring the resulting 
syrup in alcohoL a small quantity of mucic acid separated as before 
while the alcoholic filtrate yeilded traces of glycuronic acid. 

The mother liquor after separation of barium gJycuronate was 
freed from excess of baryta with carbonic acid gas, was concentrated 
under reduced pressure and poured in excess of alcohol when the pale 
yellow precipitate of barium galacturonate separated out. It was 
decomposed with sulphuric acid, excess of which was removed with 
barium carbonate and the filtrate was concentrated in vacuum. 

The syrup thus obtained reduced Fehling’s solution. The cincho- 
niAe salt was prepared by treating the barium salt with cinchonine 
sulphate, the filtrate being concentrated in vacuum and allowed to 
crystallise. The cinchonine salt was finally obtained in the form of 
. fine white needles after recrystallisation from alcohol, m.p.* 155-58®. 
Nitrogen found in the cinchonine salt was 5*97 per cent, (theoritical, 
5*74 per cent.). Decarboxylation of the acid was carried out in the 
same way as that of glycuronic acid and arabinose was detected in 
the products of hydrolysis by ToJlen’s Orcinol test and was confirmed 
by means of the p-bromophenylhydrazone, m.p. 152®. 

Isolation of peetic acid , — Delignified jute was extracted with 
0’5 per cent, ammonium oxalate al 85-90® until the residual fibre was 
free from uroiiic carbon dioxide. The pale yellow extract was con- 
centrated to a small volume and pou red in excess of alcohol when a 
pale yellow gelatinous precipitate slowly separated out. After stand- 
ing for 24 hours, it was filtered and washed with graded strengths 
of alcohol and finally with ether. By repeated solution in water and 
preciijitation with alcohol, it was obtained as an almost white gel. 
To a solution of this pectin in water, an equal volume of saturated 
lime water was added and the mixture was allowed to stand over- 
night. The white gel of calcium pectate was treated with a warm 
solution of ammonium oxalate (2 p. c.), the precipitate of calcium 
oxalate being filtered off. The clear solution of ammonium pectate 
was then treated with a largo excess of alcohol acidified with concen- 
trated hydrochloric acid and allowed to stand for 24 hours. The 
white gel of pectic acid th\3^ obtained was washed repeatedly 
with graded strengths of alcohol, then with ether and finally dried in 
vacuum. The yield was approximately 2*2 per cent, calculated on 
delignified fibre. Analysis of this pectic acid yielded ash, 0*066 ; 
furfural, 28*1 ; uronic CO^i 17*45 and Ag (silver salt), 28*4 per 
cent. 



296 J. K. CHOWDHURY AND M. N. MITBA 

It may be noted that the above uroaio carbon dioxide is equiva- 
Jent to 69 '8 per cent, uronic acid and 98 '77 per cent, pectic acid 
(Nanji, Fabon and Ling, loo. cit.). 

Hydrolysis of pectic acid . — The substance (about 7’5 g.). was 
treated with 1 N-H 2 S 04 (800 c.o.) under reflux for 3 hours at 125-80**. 
The excess of sulphuric acid was removed with barium carbonate and 
the filtrate, concentrated to a syrup, was poured in 20 per cent, 
alcohol. The precipitate thus separated was found to be barium 
galacturonate, while arabinose and galactose were found in the aloo* 
diolic filtrate. 

Hydrolysis was next conducted with 2 ‘5 per cent. H 2 SO 4 iuethe 
manner described above. In this case only arabinose and galactose 
were found in the products of hydrolysis, galacturonic acid being 
evidently decarboxylated in the course of hydrolysis. 15 ‘81 per cent, 
galactose- was found in the pectic acid as estimated by the mucio acid 
method. It is evident that for the identification and estimation of 
galactose by oxidation to mucic acid, all traces of galacturonic acid 
must be removed. This was effected by taking advantage of the 
complete insolubility of the barium salt in 80 per cent, alcohol. 


Cbeuical Dabobatobx, 
Dacca UmvEBsm. 


Heceived May 9, 1932. 



Stadias in Acenaphthenone. Part II. 

Indole and Acridine DeriratiTes. 

By Anokol Ohamdra Sircar and M. D. Haja Gopalan. 

*ln the first paper in this series (J. Indian Chem. Sac,, 1932, 9, 
103) the preparation of pyrilium derivatives from acenaphthenone 
has been described. The present paper deals with the preparation 
*and properties of indole and acridine derivatives from acenaphthe- 
none. 

The -CHg'CO- group in acenaphthenone has now been utilised 
for the preparation of indole derivatives by following the procedure 
indicated by Robinson and Thornloy (J. Chem, Soc,, 1926, 129, 
3145). Acenaphbhindole and N-mothyl-aj8-accnaphthindole have 
been* prepared by condensing phenylhydrazine and unsymmetrical 
methylphenylhydrazine respectively with acenaphthenone. 



iDtermediate product . 





N - Methyl a/3> al!feDaph thnidoU. 

The condensation of aromatic o-aminoaldehydea with aubatonoea 
containing the group -CHj'CO- to quinolinea by means of dilute 
sodium hydroxide constitutes one of the important methods for the 
s^tothesis of such bodies (Priedlander, Ber,, 1882, 16 , 2578; 1888, 16 , 
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1833; 1892, 25 , 1752). Baeyer and Drewson (Ber., 1883, 16 , 2207) 
instead of using o-aminoaldehydes obtained quinolines by the reduc- 
tion under suitable conditions of the corresponding nitro derivatives. 


CH CH 

|/N^ch -> 


By following the method of Friedlander (loc. cii.), pheno-c^/3- 
acenaphthacridine (I) has now been prepared by the condensation of 


CH 

<:> 

< Vc%/\ 

\ X N 


(I) 


o-aminobenzaldehyde with acenaphthenone. In an attempt to 
prepare the same compound by the reduction of the conden- 
sation product of o-nitrobenzaldehyde and acenaphthenone (c/. 
Baeyer and Drewson, loc, cit.) the desired product was obtfiinod 
only in extremely poor yield. The major portion was convert- 
ed into a red substance, and it appears that the reduction had gone 
one stage further and the corresponding di hydro derivative had 
been formed. 


Experimental. 

AccnaphffemdoJe.— Acenaphthenone (1 g.) and phenylhydrazino 
(0’6'5 g.) were dissolved in glacial acetic acid (10 c.c.) and the mix- 
ture refluxed on the water-bath for about 2-3 hours. After an hour 
the solution was found to change colour from pale yellow to deep 
yellow and then to orange red and gradually fine golden yellow shin- 
^g plates began to separate. At the end of 3 hours it was found 
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that a large quantity of yellow plates had deposited. The solution 
was then diluted with 2—8 c.c. of water and again heated on a water* 
bath for about 1 hour when more crystals 'collected. These were 
filtered and purified by recrystallisation from dilute alcohol in which 
it i8~ fairly soluble. It forms beautiful golden yellow shining plates, 
m.p. 285®. It is highly soluble in benzene, chloroform, ether, etc. It 
gives a blue coloration with concentrated sulphuric acid, and is repre- 
cipitated on dilution. Alcoholic hydrochloric acid can also effect the 
elimination of ammonia and consequent ring closure. (Found: N, 
6'12. OigB-xiN requires N, 5‘8 per cent.). » 

*N-Methyl-a0-aeenaphthindole . — Acenaphthenone (1 g.) and un- 
symmetrical methylphcnylhydrazine (0‘8 g.) were dissolved in acetic 
acid (10 c.c.) and refluxed on a boiling water-bath for 3-4 hours. At 
.the end of about an hour the colour of the solution began to change 
from orange to deep red and on the heating being continued for some 
more time, a little of a scarlet red crystalline precipitate began to 
separate. A little more acetic acid (3 c.c.) was added and the reflux- 
ing continued for another 3 hours by which time sufficient quantity of 
crystals had deposited. These were filtered and recrystallised from 
boiliifg acetic acid by the addition of hot water. On cooling, beauti- 
ful scarlet-red plates separated, m.p. 204®. It is fairly soluble in 
alcohol or acetic acid and very soluble in chloroform or benzene. It 
dissolves in concentrated sulphuric acid imparting to it a dirty 
green colour. (Found: N, 5'84. CjoHigN requires N, 5'49 per 
cent.). 

Pheno-a^-acenaphthacridinc. — Acenaphthenone (0‘7 g.) and 

o-amiqobenzaldehyde (0'5 g.) (prepared by Friedlander’s method, loo. 
cit.) were dissolved in the minimum quantity of absolute alcohol and 
to the cold solution a few drops of 10 per cent, alcoholic 
potash were added. The sides of the vessel on being scratched, 
golden yellow plates separated. After keeping the reaction 
mixture for an hour in a cool place, the crystals were filtered and 
washed with 40 per cent, alcohol. It was purified by dissolving in 
hot alcohol and to the solution hot water was added slowly when, at 
a particular dilution, clustresof shining golden yellow plates separated 
all on a sudden. The crystals were filtered, washed and dried, m.p. 
181®. It is soluble in benzene, chloroform or acetic acid.etc. It gives 
a straw yellow colour with concentrated sulphuric acid from which it 
. is not reprecipitated, on dilution. The substance is soluble in hot 
concentrated hydrochloric acid from which yellow silky needles of 

8 
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the hydrochloride separate on cooling. (Found : N, 5’93. iN 

requires N, 5*63 per cent.}- 

Attempts to Prepare Phcno-a^-accnaphthacridine by the Redius- 
tion of o^Nitrobenzilidineacenaphthenonc. 

o-Nitrobenzilidineacenaphthct^one. 



EquitnOlecular quantities of acenaphthenone and o-nitrobenzalde- 
hyde were dissolved in the smallest quantity of alcohol and a few 
drops of 10 per cent, alcoholic potash added. The solid product that 
separated after some time was filtered, washed with 40 per cent, 
alcohol, and dissolved in boiling alcohol followed by the addition of 
animal charcoal and filtered hot. The filtrate, on dilution witlf a few 
drops of water deposited on cooling deep yellow shining needles, m.p. 
157®, It is highly soluble in benzene or chloroform. It dissolves in 
concentrated sulphuric acid with a reddish violet colour. (Found : 
N, 4;73. CioHiiOgN requires N, 4*66 per cent.)* 

Reduction of o nitrobenzilidineacenaphthcnone . — o-Nitrobenzilide- 
neacenaphthenone (0*5 g.) was dissolved in hot absolute alcohol (20-25 
c.c.). When the substance had all dissolved about 1 c.c. of fuming 
hydrochloric acid was added and 0*3 g. of iron dust (reduced by 
hydrogen) was then introduced in small quantities at a time. 
Immediately a pinch of iron was added vigorous action ensued and 
the solution turned red. After the reaction had ceased and the 
solution was boiling for 10 minutes, another small quantity of iron 
was added. After some time a red precipitate began to appear and 
when all the iron had been added the mixture was kept boiling for 
another I hour. The whole operation took about 2 hours. The 
precipitate was filtered hot and washed first with water and then 
repeatedly extracted with concentrated hydrochloric acid by boiling. 
The hydrochloric acid extract on cooling separated some fine silky 
needles identified to be the hydrochloride of pheno-a/3-acenaphtb' 
acridine. But the yield was very poor, 
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The red precipitate left after extraction with hydrochloric acid was 
dissolved in acetone and filtered from any unchanged iron or iron 
oxide. On addition of hot water to the acetone solution a brownish- 
red amorphous precipitate was obtained. It could not be crystallised 
from any solvent. It is sparingly soluble in chloroform or alcohol. 
It dissolves in concentrated sulphuric acid imparting to it a violet 
coloration. Like the dibydroacridines it is insoluble in hydrochloric 
acid, i.e., has no basic properties. It decomposes between 236-40°. 
From its properties it is definite that the substance is not pheno- 
a;8-acenapbthacridine. (Found: N, 5'58. The acridine requires N, 
i5'53 and its dihydro derivative requires N, 5 "49 per cent.). 

When silver nitrate was added to an alcoholic solution of the above 
reduction product (c/. Graebe and Caro, Annalen, 1871, 168 , 278) the 
red colour disappeared and a pale yellow solution resulted. On filter, 
ing the precipitated silver and diluting the solution, a yellow 
substance was obtained which melted between 160-70°, though 
not sharply. The yield being poor it could not be further investigated. 
This substance might be the desired oxidation product, viz., pheno-a;S> 
acenaphthacridine in a very impure form. But in the absence of 
further proof no definite constitution can be asigned to the red 
reduction product. 


Chemical Laboratory 
Presidency Colleob, 
Calcutta. 


Received April 22, 1932. 




Synthesis oi 2 :6-Diethyl-4>pyroneand of 2 :6-Di-n-pro- 

pyI-4-pyFone. 

By S. S. IJeshapande. 

IJ^echmann and Negei* (Annalcn, 180B, 278, 186) have described 
the preparation of dehydraacetic acid and dehjdrapropionyl acetic 
acid (II, R = CH 3 or CgHa) through dehydraacetocarboxylic acid 
and dehydrapropionyl acctooarboxylic acid respectively (I) by the 
abtion of corresponding acid chloride (jr anhydride on acetone dicar- 
boxylic acid. 


COaHCHgCOC'Hot’OoH 

+ 

* 2R— (’O— (.'I 


(’OgHCH COOHCOoH 

I I 

R(’0 R'(’0 — » 


R CO CH'CO C COoH 

1 II 

HOjC HOC-R 
CO CO 

/\ /N 

RCOHC CCOgH RCOHC CH 

I II I II 

OC CR — > OC CR 

\/ \/ 

O O 

(I) (ID* 


In the present paper this reaction has been extended to the prepa- 
ration of the corresponding butyryl derivatives by using n-butyrio 
anhydride or n butyryl chloride (RsiCgH-). 

Further 2 :6-diethyl-4-pyrone (III) which from literature does not 
appear to have been prepared from Pechmann and Neger’s dehydra- 


* Formula of Faist which has received coafirination in the hands of Basswailar 
ahd Adams {J, Amer. Chem, 5'oc,, 1924^ 46, 2768). 
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propionyl aoetio acid has now been successfully prepared by boiling 
the latter with fuming hydrochloric acid. 


CO 

CjHgCOHC CH 

• ~ 

OC CC2H5 

o 


CO 

/\ 

COgHC CH 
II II 

C 2 H 3 C CCgHs 

\ \ 

OH OH 


CO 

/\ 

HC CH 


CsH^ 


II II 

•c c 


CsHs 


O 

( 111 ) 


CO 

/\ 

HC CH 
II II 


C,H,*C 


O 


G-O^H 


(IV) 


(c/. preparation.^ of correspondiog dimethyl-and diphenylpyronss, 
Collie, J. Chem. Soc., 1891, 59, 617; Feist, Bcr., 1890, 23, 3726.) 

2 :6-Di-n propyl-4-pyrono (TV) has similarly been synthesised from 
dehydra-n-butyryl acetic acid. 

The pyrones (III) and (IV) behave like dimethyl derivative in 
being weak monoacid bases, and in the inactivity of their carbonyl 
group. The pyridones corresponding to them have also been obtain- 
ed. In general 2:6.di8ubsbituted-4-pyrone8 change by fission of ring 
into 1 :3 :«5-triketones, c.g., dimethylpyrone changes into diacetyl- 
acetone (Feist, Annalen, 1890, 257, 276) and phenylmethylpyrone 
into benzoylacetylacetone (Euhemann, J. Ohem. 80 c., 1908, 93,1283), 
although attempts to prepare dibenzoylacetone from diphenylpyrone 
have failed (Feist, Ber., loc. cit.; Buhemann, loe. cit.). The pyrones 
(III) and (IV) have yielded the corresponding 1 :3 :‘5-triketones ; but 
these and the velocity of transformation of such triketones back into 
the corresponding pyrones as affected by substituents will be the sub- 
jects for future communications. 


Experimental. 

Dehydrapropionyl acetocarboxylio acid,(J). — Crude acetone dicar- 
boxylic acid (180 g. ) was added in instalments and under constant 
stirring to propionic anhydride (500 g.) kept cool by ice- water. The 
temperature during addition was not allowed to rise above 10” aad 
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th« process was complete in i hour when most of the acid was dis- 
solved. The mass was then heated on a wfder-bath for | hour and 
on cooling poured into water. The precipitated acid after filtration 
and drying weighed 170 g. Peehmann and Neger {loc, cit.) do not 
mention the yield. It crystallised from dilute alcohol, m p. 114- 

The nionopotaaniam salt of the acid was prepared by dissolving 
the acid in excess of aqueous caustic pota.sh and then making strong- 
ly acid by adding acetic acid when the salt precipitated. 

Dvhydrapropionyl acrlic (tcid,(lU. — The monopotassium salt of the 
acid ^I) was shaken with sufficient hot water in a flask fitted with 
water condenser and kept gently boiling for 40 minutes. On cooling 
and acidifying with acetic acid dehydrapropionyl acetic acid was pre- 
cipitated which was filfered at the pump. 140 (I. of dehydrgpropio- 
nyl acetocarboxylic acid gave 02 g. of dehydrapropionyl acetic acid, 
yield 80 p.e. Peehmann and Neger’s method gave a poor yield. 
The acid crystallised from dilute alcohol, m.p. 72°. 

2 :(]-Diethyl-4 pyronc, (III). — A mixture of dehydrapropionyl acetic 
acid (80 g.) and hydrochloric acid (d I'lO, 200 c.c. ) was kept gently 
boiling^ for 4 hours. On cooling, the liquid was filtered 
and the bulk of the hydrochloric acid removed by distilla- 
tion under reduced pressure. The residual liquid was neutralised 
with cold caustic soda and extracted many times with ether. On 
drying and removing the solvent, a thin liquid remained which was 
distilled under reduced pressure when most of it passed between 136* 
38° /8 mm. On redistillation this boiled at 126°/7 mm. (Found : O, 
71'3 ; H, 7 0. C;,H,.^02 requires C, 71’0 ; H, 7'8 per cent.). 

The p\ rone is a thin liquid which freezes on cooling. The solid 
melfs at 10°. It readily dissolves in cold water and gives no colora- 
tion with ferric chloride. It does not react with phenylhydrazine, 
nitrophenylbydrazine or semicarbazide. 

The hydrochloride was prepared in the usual way. It is an ex- 
tremely hygroscopic solid and can be crystallised from an excess 
of absolute ether from which it separates in thick prisms, m.p. 77“- 

78°. (Found : H€l, 19'2, C^HigOa, HCl requires HCl, 19-3 percent.). 

The chloroplatinate is a crystalline solid, m. p. 188° (deoomp.). 
[Found :Pt, 274. (C„H, 30 a)a. HaPlCI,; requires Pt, 27 3 percent.]. 

The piorate crystallised from hot water in long yellow needles, 
m. p. 110°. [Found: Picric acid (by titration), (fO l. CoH|jO,. 
®fi;p.j(OH) (NOj) 8 requires picric acid, 601 percent.]. 
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The pyrone, like dimetbylpyrone, gives with mercuric chloride a 
characteristic crystalline compound, crystallising from water in 
needles, m. p. 72® (decomp.). (Found: Hg, 47*1. C;)H|202 j HgClg 

requires Hg, 47*5 per cent.). 

2 :6-DiethyU4-pyridonc . — A solution of the pyrone (B g.) in strong 
ammonia (10 c,c.) was heated in a sealed tube at 130® for 4 hours. 
The contents were evaporated on a water-bath almost to dryness. The 
crude pyridone was found difficult to crystallise from any solvent. 
It was purified by crystallising twice from water in which it easily 
dissolves and from which on standing for some days it separates in 
thick plates, m. p. 05-66*^. (Found: (-, 03-9; H, 8-7; N, 8*0. 

ON, H2O requires 0, 63-9; H, 8‘9; N, 8*3 per cent.). 

The hydroc Wo r/dc melts at 70-78®. (Found: HFl, 17*7. 

( *N, HCl, H2O requires HCI, 17*7 per cent ). 

The chloroplatinate of the pyridone was prepared as usual and 
crystallised from dilute hydrochloric acid, m. p. 203° (decomp. ). 
[Found: Pt, 27*3. (C9H1 30N)2.H2PtClg requires Pi, 27’3 percent.]. 

Dchydra»n-buiyrijl acctocarbo,rylic acid, (I, Il = C3H7). — This was 
prepared from acetone dicarboxylic acid and n-butyric anhydride or 
?t-butyryl chloride. The product obtained from butyryl chloride was 
purer and gave better yield than with butyric anhydride. n-Butyryl 
chloride (100 g.) was mixed with strong sulphuric acid (1*5 o.c.) and 
crude acetone dicarboxylic acid (30 g.) was gradually added to the 
liquid at room temperature. There was a vigorous evolution of hydro- 
chloric acid gas. After all the acid was added and the vigour of the 
reaction subsided, the semi-solid mass was gradually heated on a 
water-bath. In hour the evolution of hydrochloric acid cea.sed and 
a clear red liquid was formed. On cooling this was poured on crushed 
ice and the precipitated acid filtered at the pump. The filtrate con- 
tained some thick red oil which after separation from the main bulk 
and rubbing with water gave a further crop of the acid. The acid 
crystallised from alcohol in thin light plates, m. p. 80°, yield 16 g. 
(Found: C, 68*0; H-, 5*9. C13H16O9 requires C, 58*2; H, i6*9 per 

cent.) 

The monopotassium salt of Ihe acid crystallised from hot water in 
long needles, m. p. 164®. (Found: K, 12-1. ("igHj^OeK requires 
K, 12*6 per cent.). 

Dehydrabutyryl acetic acid, (II, R^CyHy). — When the mono- 
potassium salt described above was refluxed with water for 45 
minutes and the product made acid with acetic acid, dehydrabutyryl 
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acetic acid separated as an oil. This was extracted with ethcT, dried 
and the solvent reinov(‘d. The thick liquid which remained was 
dieiilled under reduced prcjssure when practically the whole passed 
between 140-44*^ /4mm. and was pun* enough for analysis. 14G. of 
crude dehydrabutyryl aceiocarboxylic acid gave 8 g. of pure de- 
hydrabutyryl acetic acid. (Found: 0,64*8; H, 7 0. 
requires C, 04*8; IT, 7*1 percent.). 

Dehydrabutyryl acetic acid is a liquid which solidifies on cooling, 
melting at 10"^. The acid is sparingly soluble in water and can be 
titrated against caustic soda with phenolphihalein as indicator. 
(Fgund : M. W. (monobasic), 228. O^^TTioO^ requires M. W., 224). 

2 :(>-Di’n propyl‘4‘P^rone, (IV). — Dehydrabutyryl acetic acid w^as 
refluxed with 10 volumes of hydrochloric acid (d 1 *19) for 24 hours. 
On cooling a small quantity of the undissolved oil whic^ remained 
was separated and the clear liquid was treated as in the preparation 
of diethylpyrone. The resulting liquid was distilled under reduced 
pressure when most of it passed l>etvvoen 140-42° /0 mm. This on 
redistillation boiled at 136°/o mm. (Found :C, 72*9; H, 8*4. 

requires C, 78*8; H, 8*8 per cent.). 

14 is an oily liquid which does not free^^e even at the temperature 
of freezing mixture. It is sparingly soluble in hot water. The hydro- 
chloride could not be prepared but it gave a picrate which crystallised 
from dilute alcohol, m. p. 61°. [Found: Picric acid, 55*9. CnHitjOg, 
C^jH 2 (OH)(NOj^);j requires picric acid, 56*0 per cent.]. 

The chloroplaiinate melts at 162-64°. [Found: Pi, 25*0. 
(CiiH]ij 02)2’ HgPtCl,; requires Pt, 25*8 per cent.]. 

Like its lower hnmologue the pyrone forms a characteristic com- 
pounci with mercuric chloride, m. p. 88-89^ (decomp.). (Found: 
Hg, 44*6, OnHi(‘() 2 , HgClg requires Hg, 44*4 per cent.). 

2 :6-Di-n-propyh4-pyridonc , — Pure 2 :0-di-7i'propyl-4-pjrone was 
heated with strong ammonia in a sealed tube at 140° for 4 hours. 
On cooling the crystalline solid was filtered and recrystallised from 
hot water in long needles, m.p. 62*. This proved, as in the case of 
lower homologue, the hydrate of the pyridoue. (Found: C, 66*0; 
H, 9*5; N, 6*7. CjiHjyQN, HgO requires C, 07*0; H, 9*6; N, 7*1 
per cent.). 

The anhydrous pyridone was obtained by repeatedly extracting 
the hydrated pyridone with chloroform, and distilling under reduced 
pressure the resulting liquid left after removal of the solvent. It 
boiled between 210-li5°/12 mm. The distillate solidified on cooling 
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and melted indefinitely betvieen 85-88^, The purification of the an* 
hydrous pyridone was met with same difficulties as in the case of its 
lower homologue. 

The hydrochloride p/epared in the usual way melts at 
y6.98^ (Found: HOI, lo’7. HCl, H^O requires HCl, 

15’6 per cent.). 

The chlorplatinaic melU^d at 204"". [Found: Pt, 25’4. (CnHyT- 
ON) 2 i requires Pt, 25‘4 per coni.]. 

The author wishes to express his gratitude to the Holkur Govern- 
ment for providing facilities for work and to thank Mr. R. K. 
Aiirangabadkar, M.Sc., for his valuable assistance. 

Chemical Laboratory. 

Holkar College, Indore, i \ I. Received January , 30 , 1032 . 



A General Synthesis of a-Unsaturated Acids from 
Malonic Acid. Part II.* 

By Mohonlal Dalal and Sikhibhushan Dutt. 

Malonic acid has previously been condensed with aliphatic and 
aromatic aldehydes in presence of glacial acetic acid or acetic an- 
hjMride with formation of alkylidene or arylidene malonic acids by 
various workers such os Stuart (J. Chew. Soc,, 1883, 43, 403; 1860, 
49 , 357), Kommenos (An7UtIen, 1883, 218 , 145 ) and Einhorn and 
Gehrenbeck (Ayinalrti, 1880, 283 , 374). Riedel (/ln7iafcn,#1908, 361 , 
89) was the first to use pyridine as the condensing agent instead of 
acetic acid or anhydride, and instead of getting alkylidene or ary- 
lidene malonic acids, he obtained the corresponding derivatives of 
crotonic or cinnamic acid with loss of carbon dioxide. 

In 1925, Dutt (lor, cif,) showed that malonic acid condensed very 
easily with aliphatic and aromatic aldehydes in presence of small 
quantities of pyridine and piperidine. It was also found that the 
reaction took place in presence of pyridine alone, but the addition of 
small quantities of piperidine greatly accelerated the reaction, pro- 
ducing a-unsaturated monocarboxylic acids in excellent yields in most 
of the cases, with rapid loss of carbon dioxide. A large number of 
aliphatic and aromatic aldehydes were condensed in this way and the 
corresponding a-unsaturated monocarboxylic acids obtained. 

On account of the interesting nature of the reaction, it was 
thought advisable by the present authors to study it in detail and 
also from the quantitative point of view. Consequently a systematic 
procedure was adopted. In course of these investigations it was 
found that the reaction was essentially a catalytic one, as without 
the presence of a condensing agent an aldehyde of the type of benzal- 
dehyde condensed with malonic acid with only partial formation of 
benzylidene malonic acidic Not even the slightest trace of carbon 
dioxide was evolved. It was also found that the quantity of the 
catalyst bad a decided influence on the vigour of the reaction and the 

* Port I of this iDvestigstioa has been published in J. Indian Chem, Soc.^ 
19244925 , 1 , 297 , 
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consequent yield of the reaction product, the best case being arrived 
at when the catalyst was present in the ratio of one molecule to one 
molecule of malonio acid. Deffioiency and excess of the catalyst 
both seemed to diminish the yield, the former by bringing about a 
weak reaction and the latter by producing undesirable by-products. 
It was also found that meta and inira compounds condensed with 
malonic acid giving much better yields than ortho compounds. 

Organic bases of widely varying type have been used in bringing 
about condensation between malonic acid and aldehydes. As a 
matter of fact it has been found that practically every kind of 
secondary and tertiary base (primary bases cannot be used as they 
themselves condense with aldehydes wi' h formation of anhydro bases) 
can be used in this reaction as a catalytic agent. Some of the terti- 
ary bases used in course of this investigation {cjj., dirnethylaniline, 
diethylaniline, methylbenzylaniline, etbylbenzylaniline and quinal- 
dine) formed simultaneous by-products (colour bases, etc.) along with 
cinnamic acid when benzaldehyde was used as one of the constituents 
of the reaction. Nevertheless, the formation of a-unsaturated acid 
took place inspite of the formation of large quantities of by-products. 

In course of this investigation it has also been found that it is 
not absolutely essential to add the catalyst in the form of the free 
base to the reaction mixture. It can also be added in inorganic or 
organic acid combination. When it is in the form of an organic acid 
salt, the reaction takes place in the same way as if it were in the 
form of a free base, but when added in the form of an inorganic acid 
salt, the reaction is some what retarded and a higher temperature 
becomes necessary for the completion of the reaction {vide Table IV). 

This investigation with widely varying types of bases was carried 
out in order to determine whether there was a base which could con- 
dense malonic acid with an aldehyde to a quantitative yield of the 
reaction product. This expectation has been realised in actual 
practice. The best yield was obtained in the case of lutidine which 
came to the theoretical. In the cases of other pyridine derivatives 
the yield varied between 76 and 99 per cent., whereas quinoline and 
its derivatives gave yields varying between 60 and 98*7 per cent. 
But on the other hand acridine gave only 12*2 per cent. In the 
case of quinaldine and 9-methylacridine the yield was abnormally 
reduced (23*8 per cent, and 1*5 per cent, respectively) on account of 
the formation of large quantities of yellow by-products (colouring 
matters). 
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Although it may be said in general that the stronger the basic 
character of a base, the greater is the yield of the unsaturated acid 
obtained by using it as a condensing agent, yet the exceptions are so 
numerous that such a conclusion cannot be taken with any degree 
of rigidity. 

The following secondary and tertiary bases have been used as 
catalytic agents with success in the condensation of benzatdebyde 
with malonic acid; quinoline, t^oquinoline, quinaldine, a-naphtho- 
quinoline, iS-naphthoquinoline, phenanthroline, acridine. 9-methyl- 
acridine, pyridine, a-picoUne, lutidine, collidine, piperidine, dimethyl- 
aniline, diethylaniline, methylbenzylaniline and ethylbenzylaniline. 

l^e following aliphatic and aromatic aldehydes have been con- 
densed with malonic acid under optimum conditions using quinoline 
as the condensing agent: benzaldehyde. and 2 )-nitrobenz 8 l- 

fiehyde, o-chlorobenzaldehyde, m-, and p-hydroxybenzafdehyde, 
vanillin, p-dimethylaminobenzaldehyde, p-tolualdehyde, veratrai- 
dehyde, piperonal. anisaldebyde. furfurol, citral. citronellai, cinna- 
maldehyde, paraldehyde, propaldehyde, isobutyraldehyde and iso* 
valeraldehyde. 


Expeiumkntal. 

Condensation of Bcnzaldehyde with Malonic Acid in presence of 

Quinoline, 

Ten different flasks fitted with air condensers and each con- 
taining benzaldehyde (6 g ) and malonic acid (6 g.) were treated with 
quinoline as follows: first flask 1 c.c., second flask 2 c.c. and so on. 
The flasks were then put in a large water-bath and its temperature 
raised slowly. At about 50^, the contents of the flasks which had 
already solidified melted slowly and the evolution of carbon dioxide 
was noticeable at about 60^. The temperature of the water-bath 
was maintained at 80-85 ** and each flask was taken out of the bath 
as soon as the evolution of carbon dioxide was completd. The contents 
of the flasks were treated individually with dilute hydrochloric acid 
and then submitted to steam'^istillation in order to remove any un- 
changed benzaldehyde. The residual cinnacnio acid which crystal- 
lised out on ooolling was filtered off, washed with oold water, dried 
and weighed* The mother liquor also was treated to recover more 
qf the product. The results are summarised ia Table I. 

2 
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Table I, 


Quinoline 

added. 

Duration of 
heating at 80*. 

Yield 
in g. 

Yield 

(%). 

Quinoline 

added. 

Duration of 
heating at 60^ 

Yield 
in g. 

Yield 

(%). 

1 c.c. 

10 hr. 

4-6 

64-8 

6 c.c. 

6 hr. 

6*0 

71*4 

S 

9 

4*97 

59*2 

7 

r> 

5-67 

67*5 

8 

9 

6*17 

734 

1 

8 

1 

(\ 

6‘65 

66*07 

4 

9 

6-7 

80*0 

9 

5 

5*32 

63-8 

5 

e 

Cel 

7-i-7 

10 

5 

4*54 

54*0 


Condensation of o-Niirobcn^aldchyde iviih Mahmic Acid in presence 

of Quinoline, 

o-Nitrobenzaldehyde (4*5 g.) and malonic acid (8 g.) were con- 
densed together in presence of quinoline in a manner similar to the 
above. The results are summarised in Table If. 


Table II. 


Quinoline 
* added^ 

Duration of 
beating at 80 ' 

Yield Yield 
. in g. (%). 

Quinoline 

added. 

Duration of 
heating at 80". 

Yield 
in g. 

Yield 

(%). 

' 1 " c.cj 

10 hr. ' 

2-16 

38*1 

6 c.c. 

C hr. 

*975 

17-2 

2 

9 

2-62 

44*4 

7 

6 

•96 

16-9 

.1 


. . 9 

- 2a8 

.38*4 . 

8 

6 ^ 

-96 . 

16^9 

4 

9 

1*67 

27*7 

9 

' 5 

•96 

16*9 

6 

6 

1-32 

23-28. 

10 

5 

*86 

15*17 


The condensations of malonic acid with other aldehydes were 
carried on in similar manner using the most suitable <]uantlti6B of 
qtiinoline (1 mol. of the aldehyde to* 1 mol, of quinoline) in order to 
get the best possible yield. The results are summarised ih Table 111. 
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Table III. 


Name of the aldehyde 
coddensed. 

Product. 

Time takeo for 
the reaction to 
complete. 

Yield C 

Benzaldebyde 

CiDnamic acid 

7 hr. 

80*0 

o-Nitrobenzaldehyde 

o Nitrocinnamiii acid 

9 

4P4 

w-Nitro' ,, 

m.Nitro ,, ,, 

* 


p-Nitro^ „ 

p-Nitro- M *, 

4 

76^) 

o-Ch!oro- M 

Q-Chloro- ,, M 

8 

71*1 

p-Hydroxy- 

p-Hydroxy- ,, 

10 

10*6 

m^ydroxy- ,, 

m-Hydroxy- 

10 

•70-0 

VaDilliu 

Ferulic 

8 

50-3 

p.Dimethylamioo- 

benzaldehyde 

p-DimethylamiDO- 
einuamic acid 

6 

€8*8 

p.Tolualdehyde 

p Methylcinnamic acid 

1 

69*9 

Aoiaaldeli^^de 

p*Methoxy« »» 

5 

72*3 

Veratraldehyde 

Dimethylcaflf«*ic 

4 

69-5 

Piperooal 

Pi peroual acrylic 

1 

60*9 

Furfurol 

Furfur a cry lie ,* 

41 

66-4 

Citronellal 

Citronellal-acrylic 

8 

87-8 

Citral 

Citralidenemalonic ,, 

6 

74-2 

Cionamaldpbyde 

CiunainylideDe- ,, ,, 

5 

76*6 

Paraldehyde 

Crotonic acid 

8 

40*5 

Propionaldehyde 

Kthylacrylic acid 

y2 

76*8 

t«oputy raldehy de 

iaoPropylacrylic acid 

11 

38*5 

iaoValaraldebyde 

isoButylacrylic acid 

10 

40-i 


Benzaldebyde was then condensed with malonic acid using the 
most suitable quantities (1 mol. of the aldehyde to 1 mol. of the 
base) of various organic bases as condensing agepts. The results are 
summarised ip Table IV. 
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Table IV. 


OoodeDBiog agent. 

Optimum temperature 
of the reaction. 

Time taken for the 
reaction to complete. 

Yield i%y 

Quinoline 

80* 

6 hr. 

800 

f^oQalnoline 

66* 

3J 

91*4 

Quinaldine 

80* 

8 

28*8 

a-N aphthoqninoline 

80’ 

7 

72*0 


90’ 

8 

60' 0 

Pbenanthroline 

66* 

4 

93*7 

x\cridine 

100* 

9 

12*2 

9*Metbylacridine 

97* 

10 

1*6 

Pyridine 

86* 

5 

76-1 

a-Picoline 

70’ 

21 

99'1 

Lntidine 

66* 

21 

1000 

CoUidine 

90* 

7 

m2 

Piperidine 

85* 

6 

900 

Piperidine hydrochloride 

122* 

5 

56*2 

Dimethy aniline 

86* 

9 

31*1 

Diethylaniline 

86* 

8 

25*2 

Methylbenzy Ian ili ne 

86’ 

10 

30*2 

Etbylbenzylaniline 

85’ 

10 

32*2 


When no condensing agent was used, benzaldehyde condensed 
with mslonic acid at 100** with formation of only benzyiidene malonic 
acid, and the best yield that was obtained in course of ten ezperi> 
menta was 57'8 p. c. of the theoretical, by 6 hours heating. Not even 
the slightest trace of carbon dioxide was evolved at any time during 
these experiments. Baising the temperature of the reaction to even 
180** did not produce any evolution of carbon dioxide or formation of 
cinnamic acid. 


/lefeivtd jtfay 19, 1983. 
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Preparation and Properties of Highly Concentrated 

Sols. Part I. 

By E. N. Mittra and N. K. Dhar. 

Id publications from these laboratories (i)har and Gore~J. Indian 
Cheni ., Soc., 1929, 6, 31, 641) it has been shown that the properties 
of colloids depend considerably on their purity. Our experimental 
results obtained with sols of ferric, stannic, ceric, chromic, alumini- 
um, zirconium and thorium hydroxides of different degrees of purity 
' show that the viscosities of these sols increase steadily with their 
purity even when their concentrations are practically constant. 
When these hydroxide sols are very pure and unstable and when the 
amount of adsorbed electrolyte is very small, their viscosities are 
enormously increased. 

()n the other band, we have shown that highly purified sols of 
ferric, chromic, stannic, zirconium and other hydroxides become less 
viscous whan -their electric charge and stability are increased by 
the addition of the peptising electrolyte. Hence it appears that the 
increased purity of the sols is associated with greater hydration and 
viscosity. 

The concentrations of the pure sols investigated were not high, 
because when the sols are highly concentrated, they are partially or 
completely coagulated on attempting to purify them. 

We have undertaken a systematic research with the object 
of preparing highly concentrated sols in as pure a condition as 
possible. We have also investigated the properties of these 
concentrated sols. In this communication we are submitting some 
of our results with the hydroxide sols of iron, aluminium and 
chromium. 


Ferlio Hydroxide Sol. 

In order to prepare a concentrated sol of ferric hydroxide, most 
of the methods of preparing it were investigated. It was found that 
the maximum concentration of the sol obtainable by the method of 
adding ferric chloride solution to boiling water and subsequent 
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dialysis was only 18 g. of ferric oxide per litre. The concentration 
of the sol obtainable by the addition of ammonium carbonate solution 
to ferric chloride solution was not also high. It was observed that 
the most concentrated sol was obtained by following the method of 
Pean de St. Gilles. A precipitate of ferric hydroxide was obtained 
by adding ammonium hydroxide to a cold solution of ferric chloride. 
It was carefully washed, freed from chloride and peptised by a 
minimum quantity of acetic acid. The sol thus obtained was con- 
centrated and purified by boiling until a small amount of precipitate 
was formed on the top. The sol was further purified by subjecting 
it to hot dialysis. The concentration of the sol was determined by 
evaporating a definite volume of the sol in a platinum crucible and 
weighing it as ferric oxide after ignition. It order to determine 
the purity of the sol, a definite volume of the sol was coagulated by 
potassium sulphate, and the ferric hydroxide particles were filtered 
and carefully washed, and the acetic acid in the filtrate was esti- 
mated by a standard alkali. We have always expressed the purity 
of a sol by the ratio FegOa / acetic acid obtained from the same 
volume of the sol, both the concentrations being expressed in 
g. moles per litre. The following are the experimental results. 


Table I. 

Concentration and purity, 

Undia lysed sol. Dialysed sul. 


Fes ()3 (g. per litre) 

70*2 

81 

Acetic acid ,, 

1-U7 

eem 

Purity 

13*37 

31*64 


Table JI. 

The Coagulation time, 

Sol taken each time~l c.c. Total volume =20 e.c. Time = l hr. 


Undialysed sol 


Dialysed sol 


Electrolyte. 

Amount. 

Ppt. cone. 

Amount. 


l*pt, cone. 

KCl 

M/8 6-8 c.c. 

0*0976 M 

Mf3 

1*75 c.c. 

0 029 M 

K,S 04 

M/30 0*865 

0*0014 

M/30 

ON 23 

0*0009 

K8Fe(CN)6 

M/1203 9*9 

()*0(K>4 

Mi\2m 

5-9 

0 00024*2 

KiPemh 

M/aeoo 4-1 

0*00007 

M/2800' 

27 

O-0iX)013 
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The ratio of the precipitation values of mono-, bi-, tri-, and 
quadrivalent ions is 1394 : 20'7 ; 6: 1 in the case of the undialysed 
and 604 : 14*5 : 5 : 1 in the case of the dialysed sol. 


Table III. 
Dialysed sol. 


Sol taken each time=0‘5 c.c. Total volume 

=20 c.c. 

Time = l hr. 

Electrolyte. 

Amount. 


l^pt. Cone. 

K<5 

M/B 2*58 c.c. 


0*043 A 

1^2804 

M/BO 0*255 


0*000425 

KgFeCCNlc 

iVf/ 1200 4*1 


0*00017 

K4Fe(ON)6 

Af/28()0 1*9 


0*000033 


Table IV. 




Viscosity. 



Cooc. 

•(^1) 

Viscosity of un- Density of 

dialysed sol. undialyged sol. 

Viscosity of 
dialysed sol. 

Density of 
dialysed sol. 

Sol A (origioal) 

. 4*8 1*067 

2036 

1*070 

Sol A/2 

... 

23*8 

1*050 

Sol A/4 

... 

5*2 

1*032 

Sol A/8 


2 15 

1*020 

Sol A/ir. 

. e * . ' ’ ’ 

1*37 

1*008 

Wateifc 

... 

1*00 


The visoosifcy of the dialysed sol at first changes with time and 
then becomes constant. The viscosity results recorded are those 


obtained when the viscosities become constant. In the case of sol 
A/ 2 the time taken for the flow of 7 c.o. of sol decreased from 1 min. 
18 secr to 1 min. 8 sec. and the time taken for the same volume of 
water is 3 sec only and for sol A/4, the time of fall decreased 
from 8 min. 80 sec. to 7 min. 67‘'5 sec., the time taken for 
the same volume of water being 1 min. 3i5 sec. The viscosity was 
detemlihed at 20° by an Ostwald viscometer. In the case of the 
highly concentrated sols the diameter of the capillary tube used was 
much greater than that of'the tube used for the less concentrated, sols. 
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Aluminium Hydroxide 8oL 

la prepiuring a conoentirated sol of aluminium hydroxide, the 
freshly precipitated and well washed aluminium hydroxide was 
peptised by the minimum quantity of acetic acid. It was slightly 
warmed on a water- bath until the sol was clear. This was then 
subjected to hot dialysis. The concentration and purity were deter- 
mined as in the case of ferric hydroxide sol. 

Table V. 

Concentration and purity. 




Undialysed aol. 

Dialysed sol. 

AJjOa (g- per 

litre) 

53*6 


38*4 

Acetic acid , 

. 

26*42 


17*4 

Purity 


1*193 


1*298 



Table VI, 





Coagulation. 



Sol taken each time=0'«'5 

c.c. Total volumess 

10 c.c. Time=l hr. 

Eteetrolyto. 

Undialysed. 

AmouDt. Ppt. oooc. 

Dialysed. 

Amount. Ppt* cone 

ECl 

3-47Af 41 c.c. 

1*42 M 

8*47 M 

16o.c. 0*6205 M 

K,S 04 

Af/30 1-7 

0*0056 

M/30 

0*66 0*0018 

E,F«(CN), 

M/160 8-7 

0*0025 

M/160 

1-8 0*00086 

K4F«(0N)i 

Af/240 4*7 

0*0019 

M/240 

1*7 0*0007 

Batio of the precipitating values of the above four electrolytes in 
molar concentration U 747 : 2 *94:1 '3 :1 with undialysed sol and 
743'6 : 2‘6 : 1*2 : 1 with dialysed sol. 



Table VII. 



Sol taken each time =0*25 

C.C. Total volume 

10 c.c. Time=*lhr. 

Electrolyte* 


Amount. 


Ppt. cone. 

KCi 


3-47 M 1*9 

c.c. 

0*6693 

EgSOi 


ilf/30 0*86 


0*00116 

X,F«(CN)« 


ilf/150 0*6 


0*0004^ 

Xt^elCN), 


Ar/a40 0*86 


0!000d5 
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Table \ail. 

Viecosity. 


CODO, 

(Sol) 

Vifloosity of 
nndialyaed sol. 

Density of 

UD dialysed sol. 

Viscosity of 
dialysed sol. 

Density of 
dialysed sol. 

Sol A ’ 

7-31 

1*058 

98*1 

1*03 

A/2 

2'427 

1*020 

8*72 

1*01 

A/4 

1'587 

1*J12 

2*54 

1*004 

A/8 

1-262 

1*002 

1*52 


A/IC 

1103 

... 

1*25 

*>• 


With the concentrated sols of aluminium hydroxide, at first the 
viscosity changes with time and then becomes constant. 


Chromic Hydroxide SoL 

As in the case of the other two, peptisation with acetic acid was 
tried but it did not give satisfactory result, because when the sol was 
subjected to hot dialysis even in a collodion bag, hardly anything was 
loft in the bag. 

Another method was adopted in which a concentrated solution of 
chromic chloride was boiled and ammonium carbonate solution was 
added gradually till a slight amount of precipitate formed. It was 
then subjected to continuous hot dialysis, the temperature being 
kept at 70^ 

Table IX. 

Concentration and purity. 


• 


Dialysed for 3 hrs. 


Dialysed for 22 brs. 

CrjOa (g. per litre) 

109 


127 

Cl 

... 

32*8 


19*8 

Parity 

... 

0*774 


1*496 



Table X. 





Coagulation, 



Sol token 

=0*0 c.c. 

Total volunje=20 c.c, Time=l hr. 


Dialysed sol 1. 

Dialyacd sol II. 

Electrolyte. 

Amouot. 

Ppfc. cone. 

Amoant • Ppt. cone. 

KIO, 

M/s 0*76 C.C. 0 0126 Af 

M/3 

0*46 o.c. 0 0075 M 

RiSO, 

M/SO 6*8 

0*0068 

M/SO 

8*3 0*0066 

.K^CN), 

M/SO 6*76 

0*0048 

M/SO 

4*6 0*0087 

X4F»(0N)« 

M/SO 8*6 

0*0022 

M/SO 

8-0 0*0(tt8 


8 
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Batios of the precipitation values in molar concentration are 6*7 : 
4 :218 :1 for dialysed sol I (for 3 hours) and 4*16 : 3*05 :2‘06 :1 for 
dialysed sol II (for 22 hours). 


Tablb XI. 
Dialysed sol II. 


Sol taken =0*6 c.c. 

Total volume=20 c.c. 

Time = l hr. 

Electrolyte. 

Amount. 

Ppt. cone. 

KIO 3 

Mi'S 0-25 C.C. 

0*0041 

K,804 

M.ao 17 

0-0^^28 

K 3 Fe(CN )6 

M/60 2-3 

0-0019 




Table XII. 





Viscosity. 



CODC. 

Viecosity of 
dialysed sol I. 

Density of 
dialysed sol I. 

Viscosity of 
dialj sed sol II. 

Dena*ty of 
dialysed sol 1 

3ol A 

2*19 

1-210 

1643 

1 300 

A/2 

1-41 

1-067 

21*36 

1*120 

A/4 

1-24 

1-037 

5-3 

1*031 

A /8 

rio 

1-014 

2 2 

... 

A/16 

104 


1-47 

... 


The viscosity of concentrated sols of chromium hydroxide also 
changes with time in the beginning and then becomes constant. 


Surface Tension. 

Since the lowering of surface tension has been generally consi- 
dered as typical of the lyophilic colloids, attempts have been made to 
determine the surface tension of these hydroxide sols with a Traube 
stalagmometer. As the sols were highly viscous, the time required 
for the formation of each drop was considerable. Due to the evapor- 
ation from the drop surface during the formation of drops, these 
results appeer to be only comparative. 
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Table XIII. 


Sol. 

Deosity of the 
soU. 

Surface teDBiou of 
sols. 

Surface tension of 
water. 

P«(OH)j 

ro7o 

72*1 

72 46 

CKOH), 

1*301 

72 0 

72-24 

Al(OH), 

1*031 

67 1 

72-94 


There is only slight decrease in surface tension from that of 
water in the case of ferric and chromic hydroxide sols but with alu- 
minium hydroxide sol, the fall in surface tension is quite marked.* 
Furtliier work is in porgress. 

Discussion. 

♦ From the experimental results it will be seen that we have been 
able to obtain highly concentrated sols of the hydroxides of iron, alu- 
minium and chromium. The concentrations of the sols so far are as 
follows ; 


Table XIV 

g. per litre. 

Ferric hydroxide (dialyBed) ... 81 (Fe203) 

Aluminium hydroxide (undialyaed) ... 53*6 (AI2O3) 

Chromic hydroxi 'e (dialysed) ... 127 (Cr203) 

It will be interesting to note that the most concentrated sol of 
ferric hydroxide, that was prepared before our work, contained only 
35 g. of Fe-^O^ per litre (Geffcken, Z. Phys. Chem,, 1904, M, 
297). 

On comparing the precipitating concentrations of ele3trolyte9 for 
the undialysed and dialysed sols of Fe(OH)g, Al(OH)3, and Or (OH)3 
it will be seen that the values in the case of the dialysed sols are 
less than those for the undialysed ones. Because with dialysis, the 
stabilising electrolytes are removed and thus the charge on the colloid 
decreases. In other words, thb sol becomes more sensitive towards 
electrolytes. (Dhar and Gore, J. Indian Chem. 80 c, ^ 1929, 0, 31). 
Moreover it will be seen, that the ratio of the amounts of monovalent 
and bivalent electrolytes necessary to coagulate the sols falls off 
oopsiderably on dialysis and these results are in agreement with thpsfe 
previously obtained by Dhar and Gore. 



Influence oj Concentration on the Coagulation of the Sola, 

In several publications from these laboratories it has been shomi 
that the amountof uni^uni valent eleotrolytesi necessary for coagulation 
of the sols ol ferric, chromic and aluminium hydroxides is greater, 
the greater the concentration of the sol, when the sol is coagulated by 
electrolytes like KCl, KIO 3 and KBrOa. Moreover, it was also 
shown that when these hydroxide sols contain appreciable 
amount of acids, the stability of the sol is greatly increased and 
increasing amounts of uni-univalent electrolytes are required for 
dbagulation of the sol when it is diluted continuously. 

It is evident from the foregoing pages that the sols studied in lihis 
paper contain acids. Appreciable amount of acetic acid is associa- 
ted with the sols of ferric and aluminium hydroxides. The chromic 
hydroxide sol was acidic due to the presence of hydrochloric acid, so 
it could not be coagulated by potassium chloride. Consequently it is 
expected that these sols should behave abnormally towards dilution 
when coagulated by uni-univalent electrolytes. Our experimental re- 
sults show also that the amount of KCl required to coagulate the dilu- 
ted sol is greater than that required to coagulate the concentrated one. 
The degree of dissociation of acetic acid, which is associated wii;h the 
sols increases with dilution and the amount of H ion adsorbed is more 
marked with the diluted than with the concentrated ones. Conse- 
quently the stability and the charge on the colloid are greater in the 
diluted condition than in the concentrated one. 

From the results on the coagulation of chromium hydroxide sol, it 
will be seen that KIO3 exerts practically the same influence as 
K 2 SO 4 . Similar results have been obtained by Weiser and Middleton 
(J. Phya. Chen?,, 1920, 24 , 30), It has recently been emphasised by 
Dhar (J. Indian Chcm. 80 c,, 1928, 5, 58) that iodic acid and iodates 
coaiain in solution the bivalent ion 120 ^^^ and that is why the coagu- 
lating power of the iodate ion is practically the same as that of the 
sulphate ion. 

It appears that the iodate ions have marked chemical affinity for 
the hydroxides of iron, aluminum and chromium, because the adsorp- 
tion of iodate ions is greater than that of CP or 804 ^^ ions; under iden- 
tical conditions. It has been emphasised in several publications 
from these laboratories that the amount of adsorption of an ion by a 
sol is not only controlled by the amount of the electric charge on the 
sol, but the chemical affinity of the uncharged particles for the ionsi 
also plays an important part. 
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Viscosity, 

The InSuence of electric charge oa the viscosity of colloids has 
been considered by several investigators. Wo. Ostwald recognises the 
influen of electric charge on the viscosity of colloids in the following 
terms — ‘ Every electrically charged particle induces about it an electro- 
magnetic field which hinders its movements whether such is spontane- 
ous or brought from without. Hardy {Z, Phys. Chcm,, 1900, 33. 398) 
observed the generation of a cataphoretic current from the fall of 
electrically charged particles. Smoluchowski {KoUoid Z., 1910, 13, 
194) concluded that the movements of electrically charged particles 
of a sol causes the development of an electrical field, which hinders 
the flow of the sol resulting in the increment of the viscosity. 
Smoluchowski reported that a sol with greater electric charge shows 
greater viscosity than a sol containing particles of feeble electric 
charge. Kruyt and his coworkers {Koll. Chcm. Bcih., 1029, 28,1; 1929, 
20, 413) are also of opinion that an increase in electric charge on a 
sol produces an increment in its viscosity. 

Dbar and his collaborators have, however, shown from experi- 
mental results with no leas than 30 sols that the views of 
Ostwald, Smoluchowski, and Kruyt are untenable. Dbar concludes 
that other things being identical, a decrease in the electric charge on 
colloid particles causes an increase in hydration and necessarily in 
the viscosity of the sol. The viscosity measurements with the un- 
dialysed and dialysed sols of ferric, aluminium and chromic hydro- 
xides show that the viscosities with a sol of feeble charge are remark- 
ably high in comparison with that of a sol of high electric charge. 
These experimental results are in agreement with the views of 
Dbar. In measuring the viscosity of the hydroxide sols, we have 
observed that the time of fall through the capillary gradually de- 
creased until a constant value is reached. Similar results showing 
a decrease in viscosity with increase in the shearing force with lyo- 
philic sols like gelatin and starch were obtained by Hatsohek 
(KoUoid Z,, 1913, 18, 88). It seems probable that with repeated 
forcing of the highly hydrated and viscous sols through the capillary, 
the hydrated colloid particles are subjected to a shearing force with 
consequent loss of adsorbed water up to a limiting value. Banorji and 
Ghosh (private communication) however, ascribe this decrease of 
viscosity to the disturbance in the structure of the highly viscous 
soL 
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The viscosity concentration curve has been plotted with these 
hydroxide sols and they are found to be very steep and logarithmic in 
nature. These curves are of the same nature as those obtained 
with typical lyophilic sols like gelatin, agar and starch. It appears, 
therefore, that as far as viscosity is concerned the highly concen- 
trated sols of iron, aluminium and chromium behave like lyophilic 
colloids. 


Arrhenius (Medd. K. Vctennk, 1910, 3, no. 13) has deduced the 
empirical formula for the viscosity concentration relation for lyo- 
philic sols as log iy=tfc, where i;=relative viscosity of the dispersed 
phase, d=constant, and c=molecular concentration of the sol. TJie 
Arrhenius equation applies very well to our results obtained with the 
hydroxide sjIs. When the logarithm of the viscosities are plotted 
against tbe concentrations, a straight line is obtained. 

In order to calculate the amount of hydration, the equations of 
Hatschek and Arrhenius have been utilised. The formula suggested 


by Hatschek (Kolloid^Z. 1911, 8, 34) is ^ where tj, and 

1 — V<l> 

are the viscosities of the sol and dispersion medium respectively 
and ^= 2 effective volume of the colloid particles. The hydraS/ion 
factor can be calculated from the observed viscosities and from the 
known weight concentration <t}^ by applying the above relation of 
Hatschek in the following form : 



h is the hydration factor by which the weight 


concentration must be multiplied to give the volume concentration 
(eflpective volume) which enters into the formula, i.r., 

Hatschek emphasises that if this formula be applied to typical 
emulsoid sols of proteins, the constancy of h is maintained over a 
moderate range of concentrations. But the factor with the hydro- 
xide sols does not show any constancy. Arrhenius {Medd. K. Veiensh., 
1916, 8, no. 13) deduced that for substances with very high mole- 
cular weight, the molecular concentration is given by the relation 


0=0 

100~(n + l)p 


where 0=constant, p=weight of the dry substance 


in 100 c.c. of sol, n=hyclration factor, i.e., number of grams of solvent 
associated with one gram of solute. He obtained constant values of 
n in the case of protein sols. On caloulatiog the value of n with pur 
sols, we find the values to be negative. 
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It is apparent, therefore, that the exact determination of hydra- 
tion from the viscosity measurement is not possible. It may be of 
interest to point out here that the degree of hydration for ions as 
obtained by different authors by various methods, does not agree and 
the values are looked upon with considerable uncertainty. Hence it 
is not surprising that the measurement of the degree of hydration 
for a colloid particle, which does not represent a stable state of exis- 
tence, is based on still more uncertain factors. It should, however, 
be borne in mind that the measurement of viscosity (though not 
reliable in giving us a correct value for the degree of hydration) 
ccrjiainly conveys a qualitative idea of the hydration of colloid 
particles. 


Ucversibilify of the Sols. 

A curious phenomenon has been observed in the case of these 
hydroxide sols. The viscous sols can be dried in air and the dry 
mass can be repeptised by cold water. Uptil now this reversibility 
has only been observed in the case of the typical lyophilic sols, 
namely gelatin, agar etc. This reversibility is most prominent with 
sol and l(jast in the Fe(OH);j sol. When the solid dry 
hydroxides are placed in water, they gradually swell, become 
transperent and finally pass into a clear colloidal solution. Warming 
binders this process. Ferric hydroxide sol when completely dried in 
air becomes irreversible and is not repeptised when put into water. 
The dry reversible solids have been analysed and the results are as 
follows : 


Table XV. 


Table XVI. 


Air dried chromii(}n hydroxide Air dried aluminium hydroxide 

sol. sol. 


Cooetituents 

PerceDtage 

compoRition. 

Constituents 

Percentage 

composition* 

Cr203 

44 T 8 

AI 2 O 3 

55*2 

Cl' 

13*1 

I Acetate 

i 

101 

Water 

42-8^ 

Water 

44 


The empirical formula derived for the dried chromic hydroxide 
sol from the percentage composition is Cr 5 (OH)i,Cl 3 , 28HtO, 
Bjerrum (2. Phys. Chem., 1910, 73, 724) claimed to have obtained 
the basic salts Cr(OH) 2 Cl and Cr(OH)Ol 2 . The basic compound 
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CrsfOB) laCi^, 28H2O obtained by us is not mentioned in the litera- 
ture. Moreover by splitting the formula in the form [Cr{OH)3 
'7H20]4CrCl3 it is clear that one molecule of chromic chloride is 
associated with 4 molecules of Cr(OH)s and each molecule of Cr(OH)s 
is associated with Tmolecules of water of hydration. When viewed 
with a high power microscope, the dry substance appears to consist 
of regular layers of solid. The empirical formu.'s of the dried 
aluminium hydroxide is Al(OH)3HsO‘CHsCOOH. The dried mass 
of the aluminium compound is transparent and looks like glass. 

In this connection it is to be noted that a high degree of hydra- 
tion is not associated with the reversibility of the hydroxide sols. From 
our results, it will be seen that ferric hydroxide sol is more viscous 
than the other two at more or less the same concentration, but the 
property cf reversibility is least developed with ferric hydroxide sol. 
Whilst the chromic hydroxide sol, though the least viscous and conse- 
quently the least hydrated of the three, is the most easily reversible. 
Kruytand his coworker8(2. Phys. Chem., 1922 , 100 , 250 ) have shown 
that hydration is closely associated with the stability of the sols to- 
wards their coagulation by electrolytes. According to these investiga- 
tors, layers of water envelop the colloid particles and protect them 
from agglomeration on neutralisation of electric charge. Ghosh and 
Dhar (J. Phya. Chem., 1930 , 34, 326 ) have shown that this view of 
Kruyt supported by Freundlich {Koll. Chem. Beih., 1922 . 16, 234 ) is 
untenable in view of their experimental results on the coagulation of 
highly viscous and hydrated inorganic sols. Our results on the coagu- 
lation of these hydroxide sols also point to the fact that the conclu- 
sion of Kruyt and Freundlich and others are not justified. Thus ferric 
hydroxide sol has been found in these investigations to be highly 
hydrated, whilst the sol is the least stable of three hydroxides in- 
vestigated in this paper. It seems on the other hand that the 
stability of a sol towards the action of electrolytes is more related 
with the electric charge on the colloid particles than with its hydra- 
tion. Ohromic hydroxide sol, which contains a large amount of 
chromic chloride, is necessarily less viscous and hydrated because 
of the comparatively high electric charge on the particles and is 
most stable amongst these three hydroxide sols. We are of opinion 
that high viscosity and hence greater hydration are not necessarily 
a cause of stability of the sols towards their coagulation. 
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Summary. 

1. Highly concentrated sols of ferric, chromic and aluminium 
hydroxides have been prepared. The concentrations being 81 g. 
(0*5068 gram mole) Fe^Oj per litre, 53*6 g. (0*5265 gram mole) 
AI3O3 per litre and 127 g. (0*8356 gram mole) Cr^Oa per litre. 

2. These hydroxide sols of iron, aluminium and chromium could 
not be completely freed from the peptising substances even by hot 
dialysis. It has been found that if the dialysis be carried beyond the 
purity mentioned, the hydroxides set to firm jellies. 

3. The undialysed sol of the same concentration is more stable^ 
towaids electrolytes than the dialysed ones. The ratio of the preci- 
piting concentrations of uni- to bivalent ions decreases as the purity 
of the sol increases. 

4. The viscosity of the sols is exceedingly high in the concentra- 
ted condition and increases with purity even their when concentra- 
tions are practically identical. The results of viscosity measurements 
show that the less the charge on a colloid, the greater is its viscosity. 
These results are in agreeinont with the views of Dhar that the 
viscosity of a colloid increases as the charge decreases. 

5. •The viscosity concentration curves with these hydroxide sols 
are very steep and resemble those obtained with typically lyophilic 
sols. 

6. Preliminary measurements of surface tension show that 
the values of the surface tension of ferric and chromic hydrox- 
ide sols are slightly less than that of water but in the case of 
aluminium hydroxide, the fall in surface tension is quite marked. 

7. The highly concentrated sols of aluminium and chromium 
hydroxide behave as reversible colloids in as much as the air dried 
solids obtained from those sols swell and again pass into colloidal 
condition when kept in contact with water. 


Chemical Laboratory, 
Alt.aharao University* 


Receired May 20, 1932. 




Some Observations on Selenium and Selenium Dioxide 
and the Oxides of Nitrogen. 

Tiy Edward IUrnbs 

No observations appear to have been recorded on the action ot NO 
on Se or Se02i nor on the reactions between N02» and Se and SeO^* 
except the one referred to in section lit* The following observationsT 
mnSe by the author, may therefore be worth putting on record. 


I. Sdenium Dioxide and Nitric Oxide, 

• 

Selenium dioxide is fairly easily reduced to elementary selenium, 
and so it often behaves as a mild oxidising agent. It was expected, 
therefore, that it would react with nitric oxide. The subject was 
8t jdied experimentally as follows. A long glass tube, of about 1*5 
cm. bore and constricted at about the middle, was sealed on to a 
vacuam tap at one end. Some selenium was placed in the open 
half of the tube and oxidised to SeO^ by heating in a stream of dry 
oxygen which was mixed with some dry NO2, obtained by heating 
dry lead nitrate contained in a side-tube. Some of the SeOg was 
then sublimed into the other part of the tubci and the tube was 
drawn off and sealed at the constriction. This procedure was 
adopted because of the highly hygroscopic nature of Se02. After 
closing the tap, this tube was sealed on to an all-glass apparatus 
consisting of a Topler pump and mercury gas-holder containing dry 
nitric oxide. After completely evacuating the tube containing the 
SeO.j, it was filled with NO at atmospheric pressure. No immediate 
reaction occurred, and after leaving for a week at room temperture 
OK)®,) the gas remained colourless and the white needles of S6O2 
remained unchanged. The tube was then slowly heated, but no 
reaction occurred up to the sublimation temperature of Se02 (about 
315®). It was found that BeO^ could be sublimed unchanged in an 
atmosphere of nitric oxide. During sublimation the Se02 gave its 
characteristic greenish -yellow vapour, but as soon as this had 
condensed, the gas in tho tube was seen to be colourless and the 
sublimate was snow-white. The gas was pumped out of the tube and 
found to be unchanged NO. 
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II. Selenium and Nitric Oxide. 

A tube of about 50 o.o. capacity, closed at one end and sealed on 
to a vacuum tap at the other, was sealed on to the Tdpler pump and 
mercury gas-holder containing NO. The tube contained 2*3 g. of dry 
amorphous selenium. The Se was prepared, by passing SOg into a 
solution of pure selenious acid to which some HCl had been added, 
filtering, washing repeatedly with water, aud drying in vacuo over 
concentrated HgSO^. The tube was evacuated completely, heated in 
an electric tube-furnace, and filled with NO. Several experiments were 
carried out and it was found that no reaction took place between 
selenium and nitric oxide up to a temperature of 830°. After 
several hours at this temperature, the selenium had distilled to the 
cooler end of the tube and condensed t^' re as opaque black drops. 
After the experiments, the gas was pumped out and found to be 
unchanged NO by absorption by Diver’s reagent (alkaline sulphite 
solution). Experiments were not carried out at higher temperatures 
as, with the arrangement used, the selenium would have simply 
distilled into the connecting tube outside the heater. 

i 

III. Selenium and Nitrogen Tetroxide. 

The only reference to this subject that has been found is in a 
paper by Jannek and Meyer (Ber., 1913, 16, 2876). These workers, 
for determination of atomic weight, prepared pure BeOj) by passing a 
stream of oxygen mixed with some NO^ over heated selenium. It 
has been known since the time of Barzelius’ investigations on 
selenium that selenium is oxidised by oxygen much more readily in 
the presence of nitric acid vapour. Jannek and Meyer (loc. cit.) explain 
this as being due to a reaction similar to that taking place in the Lead 
Chamber Process, the NO acting as oxygen-carrier. In support of 
this view they state that they had found that when NO^ is led over 
powdered Se, it is reduced to NO, but they give no experimental 
details exci^t that the reaction occur at ordinary temperatures and 
better at higher temperatures well below the melting point of 
selbnium. 

A series of experiments weus carried out in order to investigate 
this naction. Owing to the nonavailability of liquid sir, the arrange- 
ment desraribed below was used. Dry liquid nitrogen tetroxide was 
sealed into a number of small capsules which were drawn out to fine 
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oftpiHariesftt on« ood. The NOg was prepared by Cundsll’s method. 
One arm of a T-pieca was fused to a closed glass tube of about 200 c.c. 
capacity. This tube contained several grams of dry amorphous 
selenium spread along its length and it was supported in a horizontal 
position. Another arm of the T-piece was fused on to a tap (A) which 
led through a tube of powdered NaOH to the Topler pump. The 
third arm of the T-piece was also fused on to a tap (B). This tap 
was placed in the “ open ” position and one of the capsules of 
was introduced into its open end so that the capillary of the capsule 
passed into the bore in the key of the tap. I'he open end of the tap 
wa%then drawn off and sealed after introducing some glass-wool to 
prevent the capsule from becoming heated. In order to prevent the 
possibility of the NO* acting on tap-grease, the taps were lubricated 
with gummy metaphospboric acid which was protected frogi atinos- 
pheric moisture by an external layer of vaseline. After completely 
evacuating, tap A was closed and by slightly turning tap B, the 
capillary end of tho KO^ capsule was broken off and the nitrogen 
tetroxide rapidly vaporised into the reaction vessel containing the 
selenium, which was kept at 30**. No visible signs of action were 
seen en first contact. By observing the colour of the gas at intervals, 
us seen through a layer 25 cm. thick against a white background, a 
slow fading of colour wa.s found to occur, and after 48 hours the gus 
had become quite colourless. The gas was then pumped out and 
analysed. It was found to be practically pure nitric oxide. The 
contents of the reaction tube were now treated with water to dissolve 
out the 8eOg formed. This solution was filtered and treated 
with SOg to decompose the selenious acid, and the precipitated Se 
was collected in a Qoucb crucible and weighed. The figures obtained 
in one of these experiments are as follows 



Calcala(ed. 

Weight of NOj Qted 0*302 

0'293 

Weight of Be colleeted 0*252 

0-252 

Volome of NO mi N*T.r« 141*2 c.c. 

142-7 C.C. 


The volume of KO stated is the volume of gas absorbed by the 
alkaline sulphite. (>‘77 C.c. remained unabsorbed; this may have 
been nitrogen formed by complete reduction of NO3. The values 
given in the second column are calculated from the equation 


Se+2NO, = Se09+2 NO. 
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The approximate agreement of these numbers with those found 
shows that this equation represents the reaction that occurs to 
the extent of about 97 per cent. The result recorded in section I 
shows that this reaction is not reversible within the temperature 
range mentioned. 

The reaction of selenium with liquid nitrogen tetroxide was also 
studied. Some liquid nitrogen tetroxide was prepared by Cundairs 
method, purified by being passed through tubes containing heated 
AS4O6 and anhydrous CuO, and dried by P205* It was then distilled 
qyer P2O5 into a stoppered tube through a side arm which was then 
drawn off and sealed. This tube was kept at by placing it in 
a vacuum fiask containing ice and water. On adding B(jme dry 
amorphous selenium, the light yellow liquid became slightly green. 
After some minutes, it was bright green and after several hours green- 
ish blue. The tube was kept at 0 ° for several days. No efferves- 
cence was observed and no noticeable perssure was generated, indica- 
ting that no appreciable amount of nitrogen was formed. The tube 
was then allowed to warm and the oxides of nitrogen to escape. 
The residue consisted of SeO^ with an appreciable amount of 
unchanged Se. On treating with water and filtering, a solution of 
selenious acid free from selenic acid was obtained. This experi- 
ment shows that the reaction between selenium and liquid nitro- 
gen tetroxide may be represented by the equation 

Se + 2N204 = + 

IV. Sclctiium Dioxide and Nitrogen Tetroxide. 

The experiments described in the previous section indicate that the 
reaction between selenium and nitrogen tetroxide takes place slowly. 
The slowness of the reaction is probably not due to the reaction itself 
but to the layer oE Se02 that soon covers the surface of the selenium 
and prevents further contact. This layer of, Sd02 is apparently in- 
soluble in liquid nitrogen tetroxide as the following experiment shows. 
Some Be02 was sublimed in to the bottom of a U>tube, one arm of 
which was sealed, and then some nitrogen tetroxide was^oondensed 
in it. After placing a plug of glass-wool halfway down the open 
arm of the U-tube, it was sealed off. After leaving the Se02 and 
liquid NO2 in contact for 2i hours, the U*tube was inverted so as 
to filter the liquid ^through the glass wool into one closed end of the 
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U-tube, The oilier end of the U-tube was now cooled in a freezing 
mixture so as to cause the NOj to distil over. The process was has- 
tened by slight warming. No residue of SeOjj remained after the 
NO 2 had distilled over. There was no indication that these two 
compounds combine to form a double compound, 

V. Selenium <in<l Nitric Acid. 

It is well-known that the oxidising action of ordinary nitric acid 
on elements is, in some cases, due to the catalytic action 
of NO 2 present as an impurity. The pure acid is often without 
action, as in the case of copper. It was thought that tfiis 
might he the case with selenium as it has been shown 
that Re is acted upon by NOj. Some of the purest obtainable 
strong nitric acid was treated with 5 percent, of its weight of urea so 
as to remove any NO 2 present. When some amorphous sefenium was 
added to this acid, there was an immediate and rigorous reaction. 
Nitric acid therefore appears to react with selenium in the absence 
of nitrogen tetroxiilo, 

Cni MisTny Di'pAr.T\ii;sr, 

VimisTiAN CiitLef.i:, 

M Ann AS. 


Heceirtii May HO, 1032. 




Influence of Stirring on the Velocity and Tem- 
perature Coefficient of Photoche- 
mical Reactions. 

Ay W. V. Bhaowat and N. R, Dhar. 

• 

Attempts have been made from time to time to find out whether 
the velocity of a homogeneous photochemical reaction is affected by 
shaking or stirring the reacting substances. So far however, no 
Conclusion has been arrived at from theoretical considerations. ^ In 
this communication we shall consider this problem from the laws of 
absorption of light. 

Let us consider an absorbing media of thickness f, and be the 
intensity of light after its passage through the length x of the medium. 
The a^jiount of the light ai»sorbed 

= ... (1) 
Hence the light absorl)cd per unit length = -- — - — ^ 


If the velocity of the reaction is proportional to the ^ power of the 
light absorption, the average velocity 


= 2/1 = 






I 


( 2 ) 


This is the average velocity for a reaction, in which the reacting sub- 
stances are well stirred. If there is no stirring, the velocity of the 
reaction will vary from place to place with the thickness of the 
medium according to the variation in light absorption with the thick- 
ness of the mixture as given by Lambert's law of absorption. The re- 
action takes place not only at the places of maximum absorption, 
but also at plaoes of low absorption, so that the observed velocity is 
is the mean of these velocities at various points along the thickness 
of the solution. The amount of light absorption by an unit surface 

6 
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of the solution situated between I and along the length of the 
solution is given by 

... ... (*) 

We can expand this by applying Taylor's theorem 

f{x + dx) = f(x) + f'{x)dx+ 

Hence 1} -J,+rfi = '-/„/(e~**)dl=Z,fee“*'dl (6) 

The absorption per unit length between I and l+dl 


_l oke ** dl _j. ~ittj 
dl ‘ 

. Hence'the velocity of the reaction at this place is equal to 

If Fg be the mean average velocity and Vi, v^, v^, etc., be the velo- 
cities at difierent points along the length of the solution of thickness 
I, then 

V^xl — vidl+v^dl+v^dl + 

J j-i 

Z • 0 J I • o 


Hei^ce the average velocity without stirring is equal to 

- ••• w 

If the reaction velocity is directly proportional to the light absorp- 
tion. then n = l and hence 


ri=7,= 
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or the etirring produoee no effect on the veloeity of the reaction, and 
hence on the temperature coefficient. If » is less than unity, then 
F, 4^8 or 






BVom considerations based on the principles of inequalities, it can be 
proved that when n is less than 1 then 




o(l-C' 

I 




for all values of k and 1. This shows that the velocity of the reaction 
for a continuously stirred reaction is greater than the velocity when 
tl^e substances are not stirred. 

In several papers published from our laboratories, it has been 
shown that the temperature coefficient of a photochemical reaction 
depends on its accceleration caused by light. The greater the aooele* 
ration, the smaller is the temperature coefficient. Hence the tern* 
perature coefficient for the reaction with good stirring which has got 
higher fTbotochemical acceleration must be less than that for the same 
reaction when not stirred. This is what has been actually observed. 
Two interesting cases of variation in the velocities may be considered : 
(1) when the absorption is low and (2) when the absorption is very 
high. When the absorption is very high. kl~ oo and =0. When 
the absorption is very low can be expanded. Thus for conti* 

nuouB stirring we get from (a) 




Ct) 


and for the unstirred reaction we have 


Hence 




4 -T )' 

nl 


k,n Vn. 
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butfeJ=OD. Or the ratio of these two velocities of stirred and un> 
stirred reaction is very high and hence there must be marked varia* 
tion in temperature coefficients in the two cases. 

When the absorption is very low 


e 


-kl 


= l-kl + 


1.2 


(kip 

1.273 


Then for the stirred reaction 

and for unstirred reaction, 

= J'L/;; = /» 7,--. 

A* / * 


Hence 


F. _ k,k’' J" _ 
Vj I’i 


(B) 


or the velocity of the unstirred reaction is the same as the velocity 
of the same reaction when stirred. Thus the ratio of the two velo- 
cities can vary from infinity to unity depending on the amount of ab 
sorption. This clearly shows that what a groat amount of variation in 
temperature coeflBcient of a photochemical* reaction is possible under 
the two circumstances, when the velocity of the reaction is not 
directly proportional to the light absorption. The equation shows 
that the velocity of a reaction under both the circumstances depends 
on the thickness of the solution. The greater the length of the 
solution, the smaller is the average absorption and hence the velocity 
is small. 

Moreover the shape of the vessel in which the solutions 
are exposed to light also exert a marked effect on the absorption and 
on the velocity of the reaction. This leads to a variation in the 
temperature coefScient with change in the size and shape of the 
reaction vessel. Hence whenever the results of two workers on the 
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same reaction are to be oompared and when tbe reaction is not 
directly proportional to the light absorption, attention should be paid 
to their experimental conditions as regards the tbicbness and the 
shape of the reaction vesseL 

The obeservations of Bhattacbarya and Dhar that the relation 
between intensity and velocity for a particular reaction is not a 
constant factor but depends upon tlie amount of photochemical 
acceleration is highly interesting from the above viewpoint. As the 
absorption decreases, the photochemical acceleration falls, and the 
relation between infensity and velocity approaches direct relationsb^ 
or ^he effect of stirring goes on decreasing till with very small ab- 
sorption, <he stirring has got practically no effect. This is what is 
actually expressed by for small absorptions, when w ap- 
proaches unity. ^ 

Regarding tlie experimental confirmation of the foregoing deduc- 
tions the only exeriments performed are those by Young and Style 
Fiiradaij Soc.t liKll, 27, 404) on the influence of stirring on 
tbe photochemical reaction between iodine and potassium oxalate. 
They have observed a marked decrease of the temperature coefficient 
wbe4 the mixture is well stirred. 

We have also studied the influence of stirring on the veiocity of 
the same photochemical reaction and we have observed that the 
velocity of the reaction is increased on stirring. 

Berthoud and Bellenot (Hrir. Chim, Ada, 102*1, 7, o07), Briers, 
Chapman and Walters (J. Chrm. Soc., 1926, 129 , 026 ) and Mukerji 
and Dhar (J. Phys, Chvm., 1028, 32 , 1308) observed that the reaction 
between potassium oxalate and iodine and ammonium oxalate and 
iodine is nearly proportional to the square root of the incident radia- 
tion. Bhattacbarya and Dhar (J. Indian Chcv\, Soc,, 1029, 6, 473) 
have shown for ihe same reaction that when the photochemical 
acceleration is not large and an aqueous solution of iodine is used 
and KI is not added and the mixture is illuminated by radiations 

o o 

of wave-lengths 5650A, and 7304A, the reaction tends to be directly 
proportional to the light intensity. We are investigating the influ- 
ence of stirring under the cCtiditionB when the reactions tend to be 
directly proportional to light intensity and we expect to get only very 
slight variation of the velocity of the reaction with stirring. We are 
also invettigating the influence of stirring on other photochemical 
reactions. 
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Summary. 

We have deduced from the laws of light absorption a relation 
whioh states that when the relation between the light absorption and 
velocity of the reaction deviates markedly from unity, stirring will 
lead to increased velocity and decreased temperature coefficient. 
When the relation between intensity and velocity of the reaction is 
unity, stirring should have no efiect on the velocity and temperature 
coefficient. 

t 
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A Magnetic Study of the Colour Changes in Cobalt 

Chloride. 

By S. 8. Bhatnaoar and A. N. Kapur. 

The well-known and striking colour changes red blue 

of cobalt chloride solutions have led to considerable controversy. 
Numerous early investigators (Babo, Jahre»ber., 1857, 72; Schiff, ibid., 
1869, 52; Gladstone, J. Chem. Soc., 1868. 10. 79 ; 1859, 11. 36; 
Bussell, Proc. Roy. Soc., 1881, 82. 253; Hartley, Sci. Proe. Roy. 
Dubl. Soc., 1900, n, 7 , 263 ; etc.) have endeavoured to explain the 
colour changes entirely in terms of varying hydration of the cobalt 
chloride. The explanations of the colour phenomena by Engel {BuU. 
Soc. chim., 1891, Hi, 6, 239) on the concept of double salts in solu- 
and by tions Ostwald from single ionic standpoint are both untenable. 

Donnan and Bassett (J, Chcm. Soc,, 1902, 81. 939) explained 
the^colour changes on the basis of some such equilibrium as 

Co •• +4C1' ^ CoCl''^. 

Hartley (J. Chem. Soc., 1903, 88, 401) considered that CoClg, 2HsO 
and CoOl 2 *were formed on heating aqueous solutions of cobalt chlo- 
ride. Lewis {Z. Phye. Chem., 1906, 82, 224), Jones and Bassett 
(Z. Phye. Chem., 1906, 82, 231) and Hulbert, Hutchinson and 
Jones (J. Phye. Chem., 1917, 21, 160) have also explained the 
colour changes entirely in terms of hydration theory. 

Moore (Z. Pkys. Chem., 1906, 88. 641) from his spectroscopic 
measurements considers the existence of complex ions very probable. 
Brown (Proo. Roy. Soc. Edin., 1912, 82, 60) on the other hand, trOm 
his measurements on absorption of light by cobalt chloride solutions 
favours the hydration theory. 

Denham (Z. Phye. Chem., 1909, 68, 641) from measurements of 
of transport numbers concluded that “auto-complexes" were present 
in solutions of cobalt bromide. 

Grdh (Z. anorg. Chem., 1926, ii6« 806) from molecular extinc- 
taon coefficients supports the assumption of an equilibrium 

OoCl,+201'^s=:^o01%. 
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the blue colour of the solutions being due to the complex ion 
CoCl" 4 , Gr 6 h and Schmid (ibid., 1927» 162 , 321) came to the same 
conclusion from observations on the solubility of lithium chloride 
in acetone solutions o£ cobalt chloride. 

Kotschubei (J. Ihisa. Phys Chetn. 8oc., 1914, 46 , 1D56) studied 
the water carried by the ions by Nernst's method, using phenols as 
the indicator. He found that the hydration of the cobalt ion and of 
iindissociated cobalt molecules diminished with increase of concentra- 
tion and rise of temperature, and considered that the change was 

r (H,o),n 

plobably from Co(H 20 )(j to Co(HoO)^ and I Co land not 

,, L CI2 J 


to C 0 CI 4 . 

Hill and Howell (Phil. Mag., 1924, tn, 48 , 833) suggested that 
whether cobalt compounds are red or blue depends upon the state of 
co-ordination of the cobalt atom; if this is surrounded l>y six other 
groups or atoms, a red colour results, while if there are only four 
groups or atoms, the colour is blue, 

Bassett and Croucher (J, Chem. Soc., 1930, 1784) fail to 

reconcile this view with the electrical evidence as to the nature of the 
red and blue solutions. They conclude that colour is independent of 
the state of co-ordination. 

It is evident from the above resum4 of the subject that the theory 
of the constitution of cobalt salts in solution is far from satisfactory. 
The magnetic properties of the salts in solution would naturally sug- 
gest themselves to investigators as likely studies which would shed a 
a flood of light on the subject. 

The magnetic behaviour of cobalt salts in solution is in itself quite 
complicated. With concentration of the chloride ranging from 0*5 to 
0*006 g. mols per litre, Trumpler and Cabrera (J, Phys, Radium, 
1922, vi, 3, 443), obtained values for p lying between 24*53 and 
24*69. With the addition of hydrochloric acid, Cabrera (loc. cit.) 
found that the equilibrium between the different ionic carriers was 
displaced in a direction which suggested that there may also be 
carrier of moment less than 23 Weiss magnetons. 

Chatillon (Ann. Physique, 1928, 9 , 187), found for aqueous solu- 
tions of C 0 CI 2 , C 0 SO 4 and Co(N 03 ) 2 , a value of 25*02 for the Weiss 
magneton number. In amyl alcohol and ethyl alcohol cobalt chloride 
gave the value of 23 for p, the Weiss magneton number and the 
aqueous solutions of C 0 CI 2 diluted with hydrochloric acid gave results 
depending on the concentration of the acid. It appears that similar 
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solu^oiui do sot t^dways give the sasie resalts ; the ton^perftui^ 
TSidatioti is linear only over a limited range and magoetc^ nuo^etp 
i2, sis, 24, 25 and 26 were found. 

From the above it is clear that the magnetic behaviour of tl|e 
cobalt salts in solution is very complicated. In this paper we hiayp 
determined 

(a) The value of p, the Weiss magneton number, for the cobg^t 
salts in aqueous solutions, and 

(b) The variation of p, with concentration for various hydrates qf 

cobalt chloride in different solvents. ^ 

From these and from the results of other investigations, we havg 
attempted to clarify our views regarding the constitution of eobait 
salts in solution. 

* Experimental. 


The apparatus employed during this investigation was in princi* 
pie similar to Bauer and Piccard's U*tube type and is fully described 
in a previous paper (Bhatnagar, Mnthur and Mai, Phil. Mag., 
19.30, vii, 10, 101) from this laboratory. 

As in the original method of Bauer and Piccard (,7. Phys. Radiumt 
1920, vi, 1, 97) the meniscus, after putting on the field, could be 
brought back to the initial position by raising or lowering the reservoir 
and the rise or fall read on a fine micrometer. These readings were 
checked with those taken directly on a travelling microscope. 

Now, according to the well-known expression, the specific mass 
susceptibility is given by 



+ 



where specific susceptibility of air (21*0 x 10“®), 

Pgssdensity of air at the given temperature and pressure, 
p =density of substance under investigation, 

$ srise or fall of the meniscus. 

The apparatus was standardised with respect to water 
(x=~7-25xl0-’^). 

Salts. 

Pure attaoUnelu of Kahlbaum’s were taken and th^ purity 
determined by Mdinary methods of chemical analysis, 

6 
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From the mass susceptibilities of the salt solutions ad calculated 
from the expression given above, the volume susceptibilities were 
calculated. The mass susceptibility of the salt is given by the 
expression : 


Y ' 

solution 


/ Trt \V BoWoot \ 

air Y'^solvent 1()()0 / 

W solute 

100 ^ 


the gram molecular susceptibility is given by = 


^salt 


and >^M, 

xM. wt. 


The Curie constant Cm was calculated from Cm =^m.T where T ;s the 
absolute te mperature. The Weiss relation Cm =^m (T— (9) could not 
be employed as the range of temperatures investigated was not large 
enough to extrapolate the value of 6 , 


Then p, the number of Weiss magetons is given by p=14*07 v'Cm . 


Table I. 


Condition in which 

Co ion i» placed. 

Moments in 
magnetons. 

Bcference. ' 

Aqueous solution of 



CoCNOals 

25*05 

Present work 

• - - 

25-02 

Cbatillon (loc. cit.) 

CoClj 

25-04 

Present work 


25*05 

ChatilloD 

O08O4 

25*04 

Cbatillon 

CoOls, 6H,0 (solid) 

26*03 

Cbatillon 

CoGls, 2H3O (solid) " - 

- 26-02 

X^resent work 

Anhydrous CoCl}^ 

24*96 

Thdodorrdda (J, Phyg. 
Radiutnf 1922, et, 8, 1) 

Anhydrous C0SO4 

25*06 

Do 

. .. j/.t - - ... 

24*96 


C0SO4 calcined at temperature 
lower than 400*. 

25*07 

Cbatillon 

C08O4 calcined at dull 
teed heat« . . 

25*98 

Miss Serres (CompU rend^f 
1925.181.714) 


25*98 

ChAtiUnh 
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Tablb n. 


CoDditioD in which Co 

Momenta in 

Reference. 

ion i» placed. 

magnetons. 


Soloiiooa of CoCl). aHjO io 
ethyl alcohol 

12*519 g. per 100 g. 

22-48 


4-459 „ „ .. 

22'23 

Present work 

CoGl) in ethyl alcohol 

23*00 

Chatillon 

CoCIj, 6 H 2 O in methyl alcohol 

10*80 g. per HX) g. 

230) 


8-55 „ 

22-75 

Present work 

4*588 „ 

24-42 


C 0 CI 3 , 2HsO in methyl alcohol 

23*02 

Present work 

Solntions of CoClj in ainyl alcohol 23*04 

Chatillon 


23*01 

Present work 

Solution of CoCIo, OHjO in a mix 

23*08 

Present work 

ture of ethyl and amyl alcohol 

( ■ 0 CI 3 crystallised in absolute 

26-02 

Chatillon 

alcohol 

Condition in which Co ion in 

Table III. 

Moocenta ia 

Reference. 

placed. 

magnetons- 


Sol QJt ions of CoCU, 6 H 2 O mixed 

25*07 


with HCl 

Varying concentrations of HCl 

23*47 

23*52 

Chatillon 

Solution of C 0 CI 2 in concentrated 

23*46 

22*03 

21*97 

25*66 

Foex {Tratis. 

sulphuric acid 


Electrochem, 


1929, 08, 97) 


Afner. 

Soc», 


Svtnmanj and Discussion of Results. 


Table I confirms the conclusions of Chatillon that in all aqueous 
solutions of cobalt salts, the value of the Weiss magneton number is 
26. From a comparison of this value to the values of p, the Weiss 
magneton, found by other investigators for different salts of cobalt 
in the solid state, it appears that the normal value for the red Co* ion 
is 26. 

Table II gives the values of the Weiss magneton for solutions of 
different hydrates of cobalt^ chloride in ethyl, methyl and amyl 
alcohols. It is interesting to note that when CoCI^, 6Hj|0 is dis- 
solved in ethyl alcohol, the value of p varies between 22 and 28 
according to the concentration of the solution and it never reaches as 
high as 25 which is the established normal value for aqueous soiu* 
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ticpbs. Similar reaulta have been obtained in methyl alcohol and 
a^yl alcohol solutions. 

If the paramagnetic ions in solution remain all of one kind, the 
falue of p shall also remain constant. But if ions characterised by 

different Weiss magneton values P], pg, p» are present, then 

the value of p is given by 

(»1P*+»2P8 + ) 

where n^, ng give the relative number of ions of Weiss magneton 

values Pi, Pg andn=n|+ng And as variations in pon- 

centrations of a solution change the relative values of n\, ng a 

variation in the values of p with concentration of the solution must 
take place. The fact that the alcoholic solutions of cobalt salts have 
colours Varying from blue-violet to pink, would suggest the presence 
of different ionic carriers, which would result in variation of p with 
concentration. We find from our results that the value of p does 
change with concentration. 

When we examine these results with those obtained by Ghatillon 
for CoClg, 6HgO in HCl solutions we are immediately struck l:>y tbc 
remarkable fact that in all these cases the value of p falls from 25 
to a figure between 22 and 24. This fall in the value of p from 25 to 
somewhere between 22 and 24 is not due to the production of the 
anhydrous CoClg as suggested by Lewis (loc. cit.), Jones and Bassett 
(loc. ctf,) or to CoClg, 2HgO as suggested by Hartley (loc. cit.), as the 
value of p for both these salts is approximately 25, the usual value 
for cobalt salts. The addition of HCl will result in formation of ions 
of the (CoClg)' and (C0CI4)" type and it is clear that the addition of 
Cl' to the CoClg will have the effect of bringing down the value of p, 
as happens to be the case . 

That the decrease of the Weiss magneton value for the cobalt 
i^ts in alcoholic and HCl solutions cannot be explained on the. pro* 
duotioD of anhydrous or dibydrate CoClg is further proved by the 
observation of Foex {loc, cit.) that the value of p for cobalt chloride 
in (pneentrated sulphuric acid is 25 '66 and not between 22 and 28 as 
it should have been if the simple hydration theory were true, 
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Magnetic Properties of Solid Solutions. 


By S. S. Bhatnaqab and Ptara Lal Kapor. 

HomcgcaeouB crystals contaioing two salts mixed ia indefinite 
proportions and formed in solutions containing a mixture of both 
salts were called “ Mixed crystals ” by Roozeboom (2. Phya. Chem., 
18911, 30, B85) and named solid solutions by Van’t Hoff {Z. Phys, 
,Chcm. 1890, 8, 322) because they showed great resemblance in 
their behaviour to ordinary liquid solutions, and obeyed the laws 
applicable to them . Doubts have been expressed by Kuster (Z. Phyg. 
Chem., 1895, 17. 867), Lehmann (.Imt. 1894,81. 67), Buzicka 

(Z. Phyg. Chem., 1910, 72, 381) and Von Weimam {Kolloid Z., 1910, 
1, 85J as to whether it is right that these isomorphous mixtures 
should be considered as solid solutions at all. This position cannot 
be maintained any longer, for it has been shown by Bruni and* 
Meneghini R. .Acoad. Lined ., 1911 (5), 20, i, 671, 927), Sirovich 
and Cartoceti (GaxzcUa, 1922, t, 52, 436) and Desch {Brit. Aisoc. 
Reports, 1912, 848) that diffusion, a process regarded as character- 
istic of the gaseous state and that of solution, takes place not only 
in the case of crystalline metals, but also in the case of mixed 
crystalline salts like sodium chloride — potassium chloride, potassium 
chloride — ^potassium bromide, etc. Moreover, Tamman (Naehr. Oee. 
Wigs. Gottingen, 1916, 119) has shown that when mixed crystals 
of gold and copper, or of gold and silver, are treated with reagents 
which are solvents for one of the components, they do not behave 
as if they were heterogenous mixtures. Finally, x-ray examination 
of the mixed crystals of potassium bromide — ^potassium chloride and 
of potassium bromide — ammonium bromide, etc., by Vegard and 
Sebjelikrey {Phyaikal Z„ liJi.?, 13, 93) and by Vegard {Z. Pkyaik, 
1021, 8, 893) alone has shown that they behave as single entity and 
not as if they were composed of thin laminffi of the individual salts. 
In the crystal lattice of the mixed crystal, the vicarious elements 
i replace each other atom for atom. 
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Moreover, iu these too, like the liquid solutions many of the 
physical properties do not necessarily follow the mixture law. For 
example, it is a well known fact that electrical conductivity of solid 
solution is much smaller than that of the mechanical mixture of 
the two metals. Bruni and Meneghini (AUi. I si. Vemto, 1911, 
n, 71 , 196), M. M. Papov, A. Bundel and V. Choller (Z, Phys, 
Chcm., 1930, 147 , 302) have shown that heat of solution of 
solid solutions of potassium chloride — potassium bromide series is 
smaller than that of mechanical mixture of the two constituents. 
Freezing point curves of the solid solutions when plotted may be 
between the freezing points of the pure components or it may pass 
through a maximum or a minimum. H. Endo {Sci, Hep. 
Tohoku Imp. Univ., 1925, 14 , 479) while studying the relation 
between the equilibrium diagram and magnetic susceptibility 
in binary alloys, has showm that though the magnetic susceptibility 
concentration curve of the mixture of two metals remains straight 
yet that of a solid solution becomes curved, but no definite relation- 
ship between magnetic susceptibility and any other property of 
solid solution has been arrived at. 

In order to determine such a relationship it is necessary that 
an accurate magnetic study be made of the simpler solid solutions. 
In the present investigation attention has been restricted to a close 
examination of the following types of solid solutions. 

(1) Those in which the components are simple, stable crystalline 
salts. 

(2) Those which form unbroken series of mixed crystals. 

(3) Those which are either truly isomorphous or their freezing 
point curves pass through a minimum. 

Solid solutions of potassium permanganate — potassium perchlorate, 
potassium chloride — sodium chloride, potassium bromide — potassium 
chloride and potassiumbromide — sodiumbromide have been examined 
over the entire range of the composition. 

Experimental. 

The salts from which these solid solutions were prepared, were 
the purest obtainable and further purified by fractional crystallisa- 
tion from water and analysed before use. 

Potassium permanganate decomposes on melting. It was neoes* 
sary, therefore, to make solid solutions of potassium permanganate 
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and potaasium perchlorate by precipitation from aqueous solutions. 
The method used was that described by Fock (Z. Kryst.^^ 1897, 28, 
887). A solution of the mixture in different proportions in water 
at a temperature slightly above that of the room, was cooled and 
vigorously shaken. The crystals that separated were quickly filtered 
off and dried with filter paper. These were kept in a vacuum 
desiccator till further use. Since only 2 — 3 per cent, of the substance 
in solution crystallised out, the composition of the solid solution can 
be considered to be constant. The samples got in this way were 
analysed for potassium permanganate volumetrically and potassiym 
Pirchlorate when in small quantities by colorimetric method by 
F. L. Hahn (Z. angrw, Chetn., 1926, 39, 451) and when in large 
•quantities by the usual precipitation method. 

In other cases as the pure components melt without decom- 
position, proper amounts of each were weighed, and were ground 
well in an agate mortar. Portion of the mixture was placed in a 
hard glass tube which was sealed and was heated in an electric 
furnace. When the mixture melted, the melt was cooled gradually 
by lowering the temperature of the furnace and finally kept for 6 
hou»s at about 30-40® below the temperature of solidification. The 
melt was then quenched to the room temperature, for, otherwise if 
.the molten mixture be cooled slowly after solidification the solid 
solutions decompose. The quenched mass was kept along with the 
mechanical mixture in a vacuum desiccator. The percentage compo- 
sition of the constituents both in the mixture and solid solutions 
was determined by the usual method and the amounts of the 
constituents both in the solid solution and the mixture were found to 
be the same. 

The magnetic Susceptibility of solid solutions as well as of the 
mixtures was determined by a magnetic biilance of the Wilson type 
(Proc, Roy. Soc., 1920, A, 96, 429). The substance contained in a 
small glass tube hooked to an arm of the very light glass system, 
was suspended in a non-homogeneous magnetic field by a fine quartz 
fibre. The force exerted by the field was balanced by the torsion of 
the suspension and read ofi[^from a graduated head. The susceptibi- 
lity of the sample is calculated by the formula of Oxley {Proc, Roy. 
^oc., 1922, A, 101, 264). ■ 
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•vihete X ss susceptibility of the speoimen, 

M as mass of the speoimen in gframs, 

x„ =a specific susceptibility of air (210 x 10'^), 

Ma s: mass of air filling the same volume as the speoimen, 
x„ MS specific susceptibility of water, 

as mass of water filling the same volume as the speoimen, 
iHa s: mass of air filling the same volume as water, 

B = torsion due to speoimen tube speoimen, 

Bj — torsion due to speoimen tube alone, 
r B^ =a torsion due to speoimen tube comparison substance 
(water) . 

Pure water, which has a mass susceptibility at ordinary ten^era* 
tures of — 7‘2xl0~^ (Wills, Phys. Rev., 1905, 20 , 168), was used as 
the comparison substance in all determinations. 

Susceptibility of the pure salts . — The mass susceptibility of the 
salts from which the solid solutions were prepared are given in Table 
I, and for comparison the values from International Critical Tables 
are added. 

Table I. 


8aH. 

Maas BBscep* 
tibilitj X 10^. 

Interoatioual 
critical tables 

X X 107, 

Kiyoshi Kido 

X X 107. 

Bhstoagur* 
Mathar inter 
fetenee ha- 
lance, X X 107. 

Botewiin oMcride 


- 5*16 

-4*81 

-6*681 

Bortttim cbkxride 

- 4-888 

-4*99 

-5*06 

-4*902 

Potassium bromide 

-8-702 

-8*77 

-4*04 

-8-706 

Sodium bromide 

-8-668 

-4*70 

-4-20 

-8*610 

PoNiriTiiii piKoblorale 

-2-877 

— 

— 

— 

Pc^assittm fetmansanate 

+ 1*82 

+ 1*80 

. — 



7)ie euseeptibility of the salts has been determined at various 
times by diflment workms and recently by Kiyoshi Kido (Set. 
Bep. Tohoku Imp, Vniv., 1932, 21 , 149). The values differ 
beeause the information about the purity and state of hydration of 
salts is insufficient. The values of these salts, therefore, were die^ced 
on the Bhatnagar>Mathur magnetic interference balance set up in 
tins labmatory and values obtained are given in the last column 
ofTable*!. 
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Potassium perchlorate — potassium permanganate system . — ^The 
obange of susoeptibility with composition of the solid solution and 
that of mechanical mixture is shown in Fig. 1 and the values are 
tabulated in Table II. 

Fia. 1. 

KMn04 — KCIO4 System. 



Susceptibility of solid solo, 
a* ,, ,, mixture 


Tablb II, 


Mass BUscepiibiUty x 10^. 


Specimen. 

% of 

Mechanical mixtoFe, 

Solid solution. 

KMDO4. 

ObH 

Obsexred* 



KMUO4 

100 

4- 1*80 

♦ 1*82 

••• 

A 

86 

♦ 1-256 

♦ 1*347 

♦ 1*821 

B 

74 

+ 0 6987 

♦ 0 641 

♦ 0*622 

C 

60 

-0-0588 

Ko effect 

No effect 

1> 

89 

-1 0451 

-1012 

-096 

B 

97 

-1-6088 

-1*60 

-1*60 

F 

14*6 

^2-1919 

-srt67 

-9*172 

0 

6 

-2*6421 

-2*6401 

—9*689 

KC10« 

0 

. — *■ 

-9*877 



7 



352 


S. S, BHATNAGAR AND P. L. KAPUR 


The susceptibility — composition curve for the solid solutions of 
potassium permanganate — potassium perchlorate follows practically a 
linear course like that of the mixture. Therefore the susceptibility 
of potassium perchlorate — potassium permanganate mixed crystals 
may be calculated approximately by the mixture law from the values 
of the constituents and the composition of mixed crystals. 

Potassium chloride — potassium bromide, sodium chloride — Potas- 
sium chloride and potassium bromide — sodium bromide systems. — I'he 
susceptibility values for potassium chloride — potassium bromide, 
sodium chloride — potassium chloride, sodium bromide — potassium 
bromide solid solutions and those of mixtures are given in Tables III, 
JV and V. Curves have been plotted for the systems sodium 
chloride — potassium chloride and sodium bromide — potassium bro- 
mide and' are shown in Figs. 2 and B. 

Fig. 2. 

K(’l-NaCl System. 



' Composition of KCl (Mots.) 

^ - Susceptibility of solid soin. 

0**- M „ mixture (observed). 



MoleciiUir susceptibility x 1^)7, 
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Fio. 3. 

NaBr — KHr Syateni^ 



% of KBr {Molg.) 

X “ Sasceptibility of solid solo. 

0~= ,, mixture (observed). 


Table III, 


P(ita8f<itnu ch}<iridr — poiassiutu bromide System, 


Bpeciinm. 

Mol. % 

KBr 

Molecular susceptibility 

Mechanical mixture. 

X 10? 

Solid 

Difference. 

Kfer 

xm 

Oiilculated. 

Observed- 

-440 a 

solution. 


A 

00 

-133 93 

-434*2 

-434 0 

0*7 

B 

m 

~?27*66 

-428 3 

-431 7 

3*4 

C 

70 

-42110 

-4210 

-428*3 

6*4 

T) 

65 

-418*00 

-417-7 

-422 0 

5*2 

"B 

50 

-404*0 

-408T> 

-408*8 

()‘3 

F 

35 

-397*5 

-395 6 

-395*7 

0*2 

G . 

10 

-882*97 

-883*0 

-383*1 

0*1 

KCl 



-376*6 
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Table IV. 





Potassium Chloride — Sodium Chloride System ^ 


Specimen. 

Mol. % 
KCl 

Molecular auaoeptibilitj ^ ' 

Mecbanical mixture. 

Calculated. Observed. 

icff 

Solid 

solution. 

Difference 

KCl 

100 

... 

-376-6 

... 

... 

A 

93 

-370-2 

-869‘4 

-870*1 

0-7 

B 

80 

-358-4 

-357*5 

-365-7 

8-2 

C 

65 

-344-71 

-339*4 

-360*0 

2C-6 

D 

50 

-331-8 

-826-4 

-862-0 

26-6 

E 

35 

-316*8 

-315-9 

-338*6 

22-7 

F 

20 

-304-12 

-303*5 

-810-1 

6-6 

G 

10 

-296*06 

-294-4 

... 

... 

NaCll 

• 

0 

Table V. 

-286-6 




Potassium bromide — Sodium Bromide System, 


Specimenfl 

Mol. % 
of KBr. 

Molecular susceptibility ^ 

Mechaoical mixture 

Calculated. Obaerved. 

107 

Solid 

solution. 

Difference. 

KBr. 

100 


-440*3 



A 

60 

-426*66 

-426*0 

-437-2 

11-20 

B 

70 

-418-34 

-418*2 

- 434-1 

16*9 

C 

66 

-414*68 

-414*7 

-432*0 

17*3 

D 

60 

-403-70 

-407*0 

-427*7 

27 7 

E 

40 

-896-90 

-898*5 

-417*5 

190 

P 

85 

-894-50 

-396*0 

-414-2 

18-2 

G 

10 

-374-42 

-876*0 

-888-7 

12-2 

NaBr 

0 


-867-1 



The 

susceptibility-composition curve of the solid solutions in 

case of potassium chloride — sodium chloride and 

potassium bromide,. 

— eodium bromide passes through a maximum 

and the maximum 

in both the cases is at 50^ composition 

.. The curve in the 

oaee of 

potassiom chloride— 

•potassium bromide is very slightly curved with 

a maximum at 70^ oompiMition potassium bromide. 
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ResulU. 

From the results given in Tables I to V, we can arrive at the 
following conclusions : (1) the susceptibility-concentration curve of 

a system of solid solution may follow a linear course, or (2) it may 
pass through a maximum. 

In potassium perchlorate — potassium permanganate system, which 
is a true isomorphous system, the susceptibility-concentration 
curye is practically a straight line. This is what is expected because 
the truly isomorphous substances are those in which the physical 
properties are continuous functions of the percentage composition 
of the constituents (Retger's law) and the magnetic susceptibility 
•would thus naturally be expected to follow the Retger's law. 

In potassium chloride— potassium bromide, sodium chloride — 
potassium chloride and sodium bromide — potassium bromide systems, 
it is found that the suspectibility concentration curve passes through 
a maximum. The maximum in the system potassium chloride — 
pota^feium bromide is at 70 per cent, molecular composition of potas- 
sium bromide and in the systems sodium chloride —potassium 
chloride, sodium bromide — potassium bromide, the maximum lies 
at 50 p>cr cent. 

If the freezing point curves for potassium chloride — potassium 
bromide (Amadori U. Pampanini: Bend. Line,, 1911, (5), 20, «, 572) 
potassium chloride — sodium chloride and potassium bromide— sodium 
bromide (Kurankow and Zemczuznyj, Z, anorg. Chcni., 1907,52, 186), 
systems be studied, they can be classed among that type of solid solu- 
tions in which the freezing point curve passes through a minimum, 
and that point in potassium chloride — potassium bromide system is at 
70 per cent, molecular composition of potassium bromide and in sodium 
chloride — potassium chloride, potassium bromide — sodium bromide 
systems is at 50 p.c. molecular composition. Thus we observe that the 
solid soiutions having percentj|ge composition for which the melting 
point is a minimum, has the maximum magnetic susceptibility for 
V that very composition. This fact is not true in case of salt solutions 
only but is also true of metallic solutions like that of copper-gold 
where we find that magnetic susceptibility-conoentration curve has a 
* maximum whereas the freezing point curve passes through a 
mixumum^ 
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This suggests a possible correlation of the heat of formation of 
different systems with the magnetic susceptibilities of the systems. 
For example, Table VI shows the beat of formation and the suscepti- 
bility of solid solution of that percentage composition which has a 
maximum value. 


Table VI. 


System. 

Molecular per cent, 
composition . 

Suspectibility Heat o{ 
curve. formation. 

Reference. 

KClOi-KMnO* 


Linear 

0 Csls. 

Soroiuerfeld * 

KCl-KBr 

70 % KBr 

Curved 

•220 

I 

Bruni and Ama- 
dori M M, Popov, 
A. Buedel and V. 
Choller.3 

KBr-NaBr 

50 % KBr 

Curved 

MOO 

.Kurnakow and 
Zeiiiczucznj ^ 

KCI-NaCl 

50 % KCl 

Curved 

2100 

do 

From the results tabulated 

above, it 

is clear tliat the greater 


heat of formation of the solid solution is synonymous with the 
greater magnetic susceptibility of the system. When the heat of 
formation of the system is zero, the susceptibility-concentration 
curve of that system follows a linear course. 

l. Z. Phvs. Chem., 1901, 36, 754. 

*. Atti. ist. Vencto., 1911, it .71, 61. 

3. Z. Phys. Chem., Ab. A.. 1930, 117, 309. 

<. Z. anorg. Chem., 1907, 52, 186, 
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The Interaction of s-;>-CarbethoxyphenyIalkylthioca- 
rbamides with Bromine and a Note on the Effect 
of the isoButyl group on Hydrotribromide 
Formation in 1-Alkylaminobenzthiazoles. 

By lioBERT Fehgcs Huxter and Edwin Iiichaud Barken. 

• 

In the course of an investigation on the effect of directive 

suhstituents on the mobility of semi-cyclic amidines (r/. Hunter and 
Jont*s, J\ Cht'in, Soc., 1930, 2190), it appeared of interest to examine 
*the bromination of certain s p carbethoxoyphenylalkyUliiocarbamides 
(I) in relation to the capacity of the corresponding alkylaminobenz- 
thiazoles (II) for poly bromide ion formation. 


COoEt 

(I) 


/\ 

I I Sv ('OoEt/\/S 

I I I I 

\/\NH^ I I 

X/XN 


O N HR 


rYx,... 


CNHMe 


X/XN 

iIJl) 


H 




Ur, 


(ID 

© 


On treatment with bromine in chloroform under conditions in 
which arylthiocurhamides normally undergo thiuzole cyclisation with 
elimination of hydrogen bromide, s-pcarhitlioj-nphcnjilmcthylihio- 
ciirbinnide (1, R=Me) gave rise to a well-defined hijdrotrihromidc 
of ethyl-l-methyhiminobenzthiazole-o-carboxylate (III), which yielded 
the aminobenzthiazole fU, R=Me) on reduction with sulphurous acid 
in the usual way (Hunter, J. Clu in. Soc., 192o, 127 , 2023, 2270; 
1926, 1385, and later). Unlilli? the bydroperbromides of Uamino-5- 
methylbenzlbiazolc (Hunter, loc. cit.), 1-raethylumino 5-methyJben- 
zthiazole (Hunter and Jones, loc. cit.), and 6-chloro-l-methylammo- 
benzthiazolo (Dyson, Hunter, Jones, and Styles, J. Indian. Chcm. 
Hoc., 1931, 8 . 148), however, this bromo-addition compound did not 
undergo nuclear substitution in aqueous alcoholic solution. 
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It might have been anticipated on a priori grounds that the 
presenoe of the mcfa-direotive oarbethozy group in the S-position of 
the benzthiazole system would cause substitutioa ab the carbon atom 
(3), and this therefore provides a further example of the fact that 
fa-directive grounds do not really favour meta substitution, but 
rather that they favour o-p-substt^tion less. This is of course 
embodied in the general conception (Ingold, Annual Reports of the 
Chemical Society , 1926,134) that meta substitution is a residual 
effect produced by the disappearance of free affinity from the o-p- 


positions* 

Both 


s-p^carbethoxyphonylcthylthiocarbamide 


and s-p-carbethoxy- 


phenyli&obutylthiocarbamide (I, B=Eb, and i 8 a-C 4 Hf) respectively) 


behaved similarly to the methylthiocarbamide, and yielded well de 


fined hydrotribromidcs of the corresponding alkyl aminobenzbhiazoles 
on bromination under the usual conditions. 


The s p-carbethoxyphenylalkylthiocarbamides therefore differ from 
other p-substituted phenylalkylthiocarbamides in that the bromina- 
tion of both the methyl and the taobutyl derivatives gives rise to 
hydrotribromides (c/. Dyson, Hunter, Jones and Styles, loc, cif,). 

The effect of the isobutyl group in promoting hydrotribrctnide 
formation in l-alkylaminobenzthiazoles appears noteworthy since s- 
phenylisobutylthiocarbamide itself gives rise to the hydrotribromide 
of l-i«obutylaminobenzbhiazole on bromination in chloroform (Hunter, 
jr, Chem, Soc,, 1926, 2951). Moreover, a reinvestigation of the 
bromination of s-p-bromophenylalkylthiocarbamides (Hunter and 
Soyka, J. Chem, Soc., 1926, 2958) which will be published in the 
near future, has shown that the careful bromination of s-p-bromo- 
phenyliaobutylthiocarbamide gives rise to an unstable hydrotribromide 
of 5-bromo-bisobutylaminobenzthiazole which undergoes dissociation 
into the stable ''dibromide" described in 1926, and bromine. 


Experimental. 

The thlocarbonyl chloride used in these experiments was prepared 
from carbon disulphide by way of thlocarbonyl perchloride, which 
was obtained by passing chlorine from a cylinder through a solution 
of 1 , g. of iodine in 1000 c. c. of carbon disulphide in the apparatus 
already described (Dyson and Hunter, J. Soc. Chem. Ind., 1926, iS, 
8 It), until a gain in weight of 25 p. c. was observed. The sulphur 
chloride was decomposed by steam in the usual way, and the thio- 
carbonyl perchloride isolated by distillation. 
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Attempts to replace granulated tin and hydrochloric acid by zinc 
and hydrochloric acid in the reduction of the perchloride again 
proved unsuccessful. Thfs is doubtless due to the fact that the 
former reagent carries the reduction beyond the thiophosgene stage. 
The yield of thiocarbonyl chloride obtained in this way, after redistih 
tion was usually of the order of 25 p. c. ; b. p. 72*75^/700 mm. 

p^Carbethoxyjphenylthiocarbimidc was prepared by gradually add- 
ing a solution of etbyl-p*aminobenzoate (I mol.) in chloroform, to a 
well stirred suspension of thiocarbonyl chloride (13 mols.) in water 
(10 voJs.) at 15-20®. The chloroform layer was then separated and 
th% excess of thiocarbonyl chloride distilled off along with the solvent 
from a water-bath, and the product recrystallised from dilute alcohol. 
The thiocarbimide formed very pale yellow glistening plates with the 
odour of aniseed, m. p. 58'’, yield 70-80 p. c. 

' s-p Carbethoxyphenyhncthylthiocarbamide, — 5 G. of p carbethoxy- 
phenylthiocarbimide in alcohol (30 c. c.) were treated with 30 p. c. 
excess of a solution (33 p. c.) of methylamine in the same solvent, 
and the mixture was kept for a short time and then boiled for a few 
minutes. The solution was cooled and kept for 3 hours and the 
prod^ict recrystallised from absolute alcohol when the thiocarbamidc 
formed aggregates of needles, m. p. 147-48®, yield 80-90 p. c. 
(Found: S, 13 6 . CHH- 14 O 2 N 2 S requires S, 13 4 percent.). 

Ethyl-l-mcthylaminobcnzthiazole-5-carboxylaie hydroiribromide . 
—4 G. of s-p-carbethoxyphenylmethylthiocarbamide in chloroform (10 
c.c.) was treated with bromine (1 c.c. in 1 c.c. of the same solvent),, 
and the mixture was heated on a water-bath under reflux for 10 
minutes, when hydrogen bromide wm freely evolved. The solution was 
transferred to a glass basin and concentrated under reduced pressure 
at laboratory temperature, when a red gum was obtained which 
crystallised on scratching with a glass rod. The hydrotribromide 
formed small orange crystals which were crushed on porous earthem 
ware and dried in a vacuum over potassium hydroxide and calcium 
chloride, m.p. 137-38® (decomp.). [Found: Br (total), 50-8; Br 
(labile), 34 0. Ci|H| 202 N 28 , HBr(Br 2 ) requires Br- (total). 50*3; 

Br (labile), 33*5 per cent.}^ The hydrotribromide dissolved in 
alcohol giving a yellow solution, which evolved aldehyde after being 
diluted with water and boiled. On concentration this yielded a 
hydrobromide, which on basification with ammonia gave ethyl- 1 ^ 
methylaminobenzthiazole-S-carboxylate, identical with that obtained 
by reduction of the hydrotribromide with sulphurous acid. 

8 



860 


R. F. HUNTER AND B. R. PARKBN 


EthyUl-m€thyXamhMben$Maeol0>6*earboif^Ut9 .•^Tk 0 liydfoftri- 
bnxnide (1 |.) was auqMDded in sul]^Mun«s aoid (100 o.».) aRd 
nlphiw dioxide was passad through the mixture until a olaar eolutiott 
was obtained. On basifioation with ammonia etbyl-l-lieMiylaia^ 
benathiazola was obtained, which s^arated from alaoh^^hyl 
acetate in giisteoing plates, m.p. 160*. (Found: 8, 18*6. CnHia* 
OgN^S requires 8, 13*6 per eent ). The aceiyl dariT|it|?e» obtained 
by heating a solution of the base in acetic anhydHda for a few 
minutes and diluting with alcohol, separated from methyl aleobol in 
white prisms, m.p. 174*. (Found ; S, 11*6. 0)8H|4OgN||8 requires 

8, 11*5 per cent.). ^ 

l-Methylantinoben$tkiagole~5-caTbo3eylate.-—A. solulioa of ethyl- 
l-methylaminobenzthiaaole-5>earbozylate in concentrated hydroeh* 
lorio add was heated under redux on a sand-bath for 40 minutes, 
when the sparingly soluble acid separated as a fine precipitate which 
was collected and recrystallised from a large vdume of boiling 
alcohol-ethyl acetate. The carboxylic acid formed small fine white 
cry$iala, which were readily soluble in alkalis, and which were 
unmclted at 298*. (Found: 8, 16*1. CgHgO^NgS requires S, 
15*4 per cent.), 

$>p^Carbethoaiyphenyleihylfhiocarbamide.—'Ibe solution obtained 
from p-oarbethoxypheaylthiocarbimide (8 g.), abaolute alcohol (ISc.o.) 
and 8*5 c.o. of a 33 p. c. sdution of etbylamine in water did not 
crystallise after being heated to boiling point and kept tor 8 
hours. On concentration and reoryatallisation from absolute alcohol, 
the ethylthiocarbamide was obtained in smali glistening needles, m.p. 
89*. (Found: S, 12*4. CisHieOgNgS requires 8, 12*7 percent.). 

BihyUlmeihylaminobenathiaaoleJS-carbovylate hydroiribromida .*— 
a-p-Carbethoxyphenylethyltbiooarbamide (0*0 g.) in oblorotorm (8 
e,e.) was treated with bromine (0*0 o.o. in 1 o.o. of ohlorotom) and 
tha mixture was beatad tor 10 minutea under reflux. The red 
eblutimi was conoratrated in a vacuum until crystallisation took 
plaas. The hydroiribromide formed small mrange red crystals which 
had m.p. 108-04° (deoomp.) after drying. [Found: Br (total \ 48*8; 
Br (lidiile), 81*7. C|gH] 40 sNsS, HBr (Brg) requires Br (total), 
48*9; Br (labile), 82*6 per orat.]. 

Eih^l*ethylaminobeniithiaBOle-6‘oarboxylale .—'The hydxoteibm- 
mide waa added to a large voluma of sulpborous aoid and sulphur 
diozida waa passed through the mixture until reduotkm was oomfd^. 
On basification of the filtered solulioa with ammonia, tha 5ae« was 
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obtainedi which etrctaUiBed from methyl alcohol in small glistening 
plates, m.p. IfiO'Sl". (Found: 8, 16*1. C](H| 40 «NsS requires 8, 
Iff ‘0 per cent.). 

M-j^CarbetkoxypheHyliBobutylthiocarhaniide . — ^The thiocarbimide (2 
g.) ^ absolute alcohol (10 o.c.) was treated with a 3S p. c. 
solution of isobutylamine in water (2*5 e.o.)andtbe solution was 
boiled and cooled. The iaobutylthiocarbamide separated from alcohol 
in glistening needles, m.p. 107-08°. (Found: 8, 11*6. C| 4 HjoOj|> 
N^S requires 8, 11*4 per cent.). 

Ethyl‘hiBohutylaminobenzthiazoIe-5'Carboxylate hydrotribromtde.—^ 
Asqlution of the carbethoxyphenylisobutylthiocarbamide (1*5 g.) in 
chloroform (6 c.c.) was treated with bromine (1*5 c.c. diluted with 
1 c.c. of chloroform) and the solution was heated under reflux for 
10 minutes, cooled, and concentrated under reduced pressure at 
laboratoty temperature. The hydrotribromide crystallised on keeping 
in an eraouated desiccator over potassium hydroxide, for some hours 
and scratching with a glass rod, and formed orange crystals, m.p. 
92-94° (softening at 90°) after being dried in the usual way. [Found : 
Br (total), 47*16; Br (labile), 29*6. C| 4 H|gOsN 3 S, HBr(Brg) 
requiiipa Br (total), 46*3; Br (labile), 28*9 per cent.]. 

Ethyl-l'i8obutylaminobenzthiazole-5-carboxylate was obtained by 
reduction of the hydrotribromide with sulphurous acid and sulphur 
dioxide as in the previous case, and separated from methyl alcohol in 
small glistening crystals, m.p. 138-34°. (Found; 8, 11*4. 
C|4Hi809Ng8 requires 8, 11*5 per cent ). 
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Rotatory Powers of some Substituted Camphoranilic 
Acids and Gamphorophenyl Imides. 


By Mahan Singh and Rattan Chand Rhalla. 

It has been stated by Rule (J. Chem. Soc., 1924. 128 , 1127i, 
thtft groups of like polarity reinforce each other in the ortho-position 
whilst the introduction of a positive and a negative group both of 
marked polarity leavers the rotation of unsubstituted compounds 
unaltered. This is supported by the case of the menthyl asters of 
o disubstituted benzoic acid prepared by Cohen (J, Chcm, Soc., 1914, 
105 , 1892). Singh and Singh (J. Chem, Soc., 1931, 478) have 

prepared some disubstiiuted camphoranilic acids and have deter- 
mined their rotatory powers in various solvents. They have shown 
that groups of the same polarity reinforce each other when they are 
in tht; /a; m- position with respect to one another; for instance 
dimethylcamphoranilic acid and 5'-nitro-2'-methylcamphoranilic acid 
exceed any of their respective isomerides in rotatory power. Again 
groups of opposite polarity neutralise each other's effect when 
present in para-position. The rotatory power of 5'-nitro-2'-methoxy- 
camphoranilic acid is practically the same as that of the unsubsti- 
tuted compound {loo. cit.). The work has been extended to other 
disubstiiuted camphoranilic acids and camphoro — disubstituted 
phenylimides. The following acids and their imides have been 
prepared: 2':4'-and 3': 5'-dimethyl-, 2': 4'-dichIoro-, 2': SCmethoxy-. 
3' methoxy- and 3' ethoxycamphoranilic acids. The nitration of 
2'- and 3'-methylcamphoranilic acids and 2'- methoxy- and 2^-ethoxy- 
camphoranilic acids has been carried out by the method 
described in the experimental part. 2'-Mebhylcamphoranilic acid on 
nitration gives 4'-ntiro-2'-methylcamphoranilic acid as this subs- 
tance is identical with the^ condensation product of camphoric 
anhydride with ni-nitro o-toluidine. C0H3CH3'NH2'NO2 ( 1 :2;5 ). 
The two compounds have practically the same rotatory power {vide 
infra and J. Chcm, Sot;., 1931, 480). Similarly 2'-methoxy- 
camphoranilio acid on nitration gives 4'.nitro-2'-methoxycamphoranilic 
acid. Both have feeble rotatory power in all the four solvents 
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examined (vide infra and loc.cit.). Tbe following table records the 
rotatory powers of some camphoranilio acids and the nitro derivatives 
of n few. 


Table I. 


SubBiitueDts. 

MeOH. 

EtOH. 

Me^OH. 

MeEtCO. 


... 146 

144 

98 

... 

3'-CH3 

... 140 

118 

89 

... 

4'-CH3 

... 167 

144 

120 

... 

2':4^Diraethyl 

... 163 

160*9 

117 

107 

S'; 5'-Dim6tbyi 

... 135 

126 

83*6 

84 

2'.CH3.4'-Nitro 

... 92 

90 

... 

74 

3^CH3.a'-Nitro 

... -14*9 

-26 

-26 

-17 

2'.0CH3 

... 30 

28 

-16 

-10 

2'-OCH3-4'-Nitro 

••• 

Feeble rotation in all sol vent a. 


2'-0C,05 

... -60 

-62 

-90 

-89 

2'-CXJ,06-4'Nitro 

... -48 

-41*8 

-32 

-31 


A glance at the table will show that the optical rotatory power of 
3 ' : 5'-dimethylcamphoranilic acid is practically the same as that of 
the 8'-methylcamphoranilic acid. Again 2' :4'-dimethylcamphoranilic 
jkcid has practically the same rotation as that of the 4'-meihyl- 
camphoranilic acid except in the case of ethyl alcohol where there 
is a slight increase. The substitution of another CH3 group in the 
meta-position does not therefore bring about any change. 

Nitro group in the 4' -position has a depressing effect upon the 
rotatory power of the original compound. Thus 2'-methyl-4'-nitro-> 
2'-metboxy-4'-nitro', and 2'-ethoxy-4'-nitro- have all lower values 
than the original compounds. 

The nitro group in the 2'-positibn in the case of d'-methyl- 
2'-nitrooamphoranilic acid lowers the rotation accompanied by a 
reversal of sign but tbe effect is not so marked as in tbe case of 
4'-metbyl-2'-nitrocampboranilic acid (J. Chem. 80 c., 1981, 480) where 
the groups are present in the tnefa-position with respect to one 
another. 

Table II records the molecular rotatory powers of 2'-methoxy-, 
8 '>ixtethoxy>, aikl 2' :6'-methoxyoamphoraaiUc acids. 
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Solvent/ 

ir-OCHa. 

a'-ocBj. 

2 '- 6'-OCF|, 

McOH 

30 

15 re 
(ICO) 

91-7 

BtOH 

28 

127 '5 
(131) 

67*8 

MesCO 

-16 

09 ‘7 
(101 ) 

48 0 


-10 

96-7 
( - ) 

44*0 


3'-Metboxyoamphoranilic acid has the same values of rotatory power 
• as the unsubstituted compound. (The values of the rotat^y power 
of the latter are shown in parentheses in Table II). The OCH3 
group in the 2'-position lowers the values but the effect is not so 
marked in 2' : 5'-dimethozy», as in the case of the 2''methoxycam- 
phoranilic acid. 

The following table gives the values of 2'-chloro-, 4'-ohloro-, and 
2' :4'-dichlorocamphoranilic acids in four solvents. 

Table III. 




Solvent. 

2'-Chloro. 

4'.Cbloro. 

2':4'-Chloro. 

MeOH 

67*8 

183*0 

86-6 

EtOH 

36G 

168*7 

87-4 

MejCO 

-40’8 

1190 

feeble poeitive 

MeEtCO 

-26*6 

160*3 

do 


The chlorine atom in 2'-poBition has a depressing effect on the 
rotatory power of the original compound. 

EYpebimbmtal. 

Condensation of Camphoric Anhydride with Substituted ilmines. 

Canaphorio anhydride and the amine (equal mols.) were heated 
together with fused sodium acetate at 140-45° for 3-4 hours. The 
product was dissolved in 90 p.o. alcohol, precipitated, extracted with 
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s dilute solution of alkali to remove any imide, acidified, and 
crystallised from alcohol. The following acids were prepared : 

3' :&-DimcihylcamphoraniUc acid crystallised from alcohol in 
silky needles, m.p. 214-15°. (Found; N, 4‘63; Eq. wt., 304. Cj^- 
H 25 O 3 N requires N, 4'6 per cent. Eq. wt., 803). 

The imide is also formed to the extent of about 10 per cent. 

2' :4i'-DimcihylcamphoraniUc acid w’as obtained as a crystalline 
mass, m.p. 220 — 21°. (Found: N, 4'64; Eq. wt., 304’7. CigHgsOaN 
requires N, 4'0 per cent. Eq. wt., 303). 

2' :i'-Dichlorocaniphoranilic acid crystallised from dilute alcohol 
in white crystals, m.p. 200 - 01 °, yield 30 p.c. (Found: N, 3 2; Eq. 
wt., 341'6. C, cHjoO^NCIg requires N, 315 per cent. Eq. wt., 344). 
The acid is soluble in the usual organic solvents. 

2' \&-Dimeihoxycamplioranilic acid crystallised from alcohol in 
fine needles with a pink tinge, m.p. 137 .30°, yield of the acid is 
almost quantitative. (Found; N, 4‘24; Eq. wt., 331. Cj^Hg^O^N 
requires N, 418 per cent. Eq. wt., .335). 

Z'-Meihoxycamphoranilic acid crystallised from 50 p.c. alcohol 
in white needles, m.p. 18()'5°, yield 75 p.c. (approx.). (Found: 
N, 4‘03; Eq. wt., 305'3. (’J 7 H 23 O 4 N requires N, 4 57 percent. 

Eq. wt., 305). 

8'-EthoxycamphoraniUc acid crystallised from dilute alcohol in 
white needles, m.p. 168°, yield 80 p.c, (tpprox.). (Found: N, 4 48; 
Eq. wt., 310. CJ 8 H 20 O 4 N requires N, 4 38 per cent. Eq., wt., 310). 

Camphoric anhydride could not be condenred with 2 : 6 -dichloro- 
aniline. 

Camphoro-2' 'A'-dichlorophcnyl imide crystallised from dilute 
alcohol to colourless crystals, m.p. 62 6 °, yield 20 p.c. (approx.). 
(Found : N, 4’36. C 1 CH 17 ONCI 2 requires N, 4'29 per cent.). 

Camphoro-2' :5'-dimethoxyphcnyl imide crystallised from dilute 
alcohol in colourless crystals, m.p. 111-12°, yield 75 p.c. (approx.) 
(acid, m.p. 137-30°). (Found: N, 4'5. Cj^HgaO^N requires N, 4'41 
per cent.). 

Camphoro-m-methoxyphenyl imide crystallised from alcohol in 
colourless crystals, m.p. 121-23°, yield 76 p.c. (approx.). (Found: 
N, 6 0. C] 7 H 2 i 03 N requires N, 4'88 per cent.). 

CamphoTo-m-ethoxyphcnyl imide crystallised from dilute alcohol 
in colourless crystalline mass, m.p. 93-96°. The yield is comparatively 
less in this case, 50 p.c. (Found: N, 4 89. CjgHjsOaN requires 
N, 4’65 per cent.). 
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Cafnphoro-2* :&-dimethylphenyl imidc crystallised from dilute 
alcohol in a crystalline colourless product, m.p. 154-66®. (acid, m.p. 
236-38°), yield 80 p.c. (approx.). (Found: N, 6*0. CjgHgsO^N 
requires N, 4 91 percent.). 

Nifrafion of Ca mphoraniUc Acids. 

To a mixture of fuming nitric acid (10 c.c.) and glacial acetic 
acid (8 c.c.) 3 g. of the compound were gradually added. The clear 
solution obtained after 5-10 minutes was kept J hour and then 
poured on crushed ice. The precipitate obtained was crystallisecl 
from alcohol. 

2f-MeihoxyA' niirocamphoranilic arid . — The reaction mixture was 
added drop hy drop into ice-cold water, otherwise a large amount of 
resinous matter was obtained. Crystallised from dilute alpofaol in 
f>ale yellow crystals, m.p. 182-81°. (Found: N, 8*28. C,7H2;^0^;N3 
requires N, 8*0 per cent ). 

This compound is identical with the condensation product of 
camphoric anhydride with m-nitro-o-anisdine ' 0 CH 3 ‘KH 2 “N 02 

(1:2:5) prepared by Singh and Singh {loc. cit.). They give the 
inelti»g point 185-86°. Both have feeble rotations, the former 
having [a]j^ , 6*7 and the latter , 6*0 in metbylethyl ketone. 

2'~EthoxyA'-nitrocamphoric acid . — This was similarly poured into 
cold water and crystallised in yellow coloured bars from dilute alco- 
hol, m.p. 171-73°. (Found: N, 8*0. requires N, 7*7 

per cent,). 

2^-McihylA^^nitroca mphoraniUc acid . — The reaction mixture on 
being poured into ice, separated as a resinous matter which on 
crystallisation from dilute alcohol gave brownish yellow needles, m.p. 
226-28°. (Found: N, 8*5. €^^11220^^2 requires N, 8 38 per 

cent.). 

The nitration product of 2'-methylcamphoranilic acid is identical 
with 2'-methyl-4^-nitrocamphoranilic acid obtained by Singh and 
Singh by condensing camphoric anhydride with m-nitro-o-toluidine 
(ioc. cit,). They give the m.p, 229-30°, and the following 
values for rotatory powers [a]^ , in methyl alcohol, 29*1°; ethyl 
alcohol, 24° ; and metbylethyl ketone, 23°. The values of the sub- 
stance prepared by the authors for the same solvents are 27*6°, 27° 
and 22*4°, 

(or 6^)-nitrocafnphoranilic acid . — The reaction product 
was poured into ice. It was crystallised from dilute alcohol in yellow 
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crystals, m.p. 139-40°, (Found: N, 8‘4. C!] 7 H 2 aOftNg requires N, 
8'88 per cent.). 

Rotatory Powers of Mono-and Disubstituted Camphoranilic Acids 
and Imides. 

Table IV. 


Sjlvent. 2' : 4'-Dimefchyloamplior- 3' : S'-Dimethylcomphor- 2'.Meth}i-4'-nitro- 
auilic acid. anilic acid. campboranilic acid. 



CoQC. 

[ML 

Cone. 

Cone. 



g/25c.c. 

u 

g/2;c.c. “ 

g/2.5c.c. 

% 

MeOH 

01780 

les* 

0'2034 136 7” 

0*1178 

920* 

Eton 

01813 

160*9 

0-2248 126-3 

0*1482 

901 

McsCO 

" 01734 

117-5 

0 1989 83 6 

— 

- 

MeEtCO 

0-2196 

107*0 

0-1574 84-2 

0*1784 

74 *P 


3'-Methyl C'-nitro- 

2'-M ethoxy - 4'* n i iro- 

2'-Etboxy-4'-ni 


camphoraDilic acid. 

camphorauiUc acid. 

camphorauilic a 

MeOH 

01670 

-14'99 


0 2532 

- 48, 






t 

Eton 

01402 

-2618 

Shows feeble 

0*3261 

-41 




rotatory power 



MejCO 

01920 

-26*12 

in all the Bolvents. 

0-4125 

-3l>i 






9(0 

MeEtCO 

01858 

-17-26 


0*3672 

-30 9 


2' : 5'-Diraetboxy- 

2' ; 4'-Dichloro- 

3'-Methoxy- 


cumpboraoilic acid. 

campboranilic acid. 

campboranilic acid. 

MeOH 

08216 

91*741 

0*1932 HG*6 

0*2675 

151*6 

Eton 

0’34as 

67*3 

01572 87*4 

0*2238 

127.5 

MejCO 

0 3016 

43*0 


0*2291 

99*7 




Feeble rotations. 



MeEtCO 

* 0-2160 

44*0 


0*2169 

99*7 


-Ethoxycamphor- CaDaphoro-2' : S^'dimethoxy* 

Campboro-d^metboxy- 


aoilic acid. 


phenyl imide. 

pbenyl tfotde. 

MeOH 

0*2096 

159*6 

0*2040 34*9 

0*2806 

38*76 

KtOH 

0*2205 

147*0 

0*2186 29*6 

0*1987 

42*48 

%e|00 ^ 

0-2056 

104*7 

- 

0*2166 

89*90 


0'fl487 1(^-0 - - 0-Stt98 ST-Jl 


MeBtOO 
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Table IV. {Conid.) 


Solvent. 

Canophoro-S'-ethoity* 
pbaoyl itnide. 

Coippboro-2' : 6'-ditnethjl 
phenyl imide 

MeOH 

0 2040 

62-6 

0-2137 

46-8 

ElOH 

0’212G 

68-3 

0 2175 

45-8 

MejCC 

01912 

43-1 

0-2152 

37-9 

MeEtCO 

01550 

38-84 

0-2184 

39-0 


^ *Tbe readings were taken in a 2 dcm. tube within half hour of 
making up the solution. There was no mutarotation. Temperature 
of the room was 19-20®. 


Summary. 

A number of new monosubstituted and disubstituted camphor- 
anilic acids have been prepared and their rotatory powers determined. 
It has been shown that a second CH3 group in the tn eta-position does 
not otter the rotation of the original compound. Further nitro group 
in the 4'-position has a depressing effect on the rotatory power. Thus 
2'-methyl-4'-nitrocamphoranilic acid, 2'-methoxy-4'-nitrocamphoranilic 
acid and 2'.ethoxy-4'-nitrocaphoranilic acid have lower rotatory 
power than the original compound. 

M ethoxy and cbloro groups in the 2'-position have also depressing 
influence, as shown by the rotatory powers of 2' : 5'-dimethoxy-and 
2' : 4'-dicblorocampboranilic acids. 


GoVHnNMENT COLLEOB, 
Lahore. 


Received May 16, 1932. 




Studies in Organo-arsenic Compounds. Part I. 

By Hiuendua Nath Das-Gupta. 

The physiological activity of azo and bisazo compounds have been 
shown to he dependent on the following factors : (1) presence of 

— — , (2) the capability of liberating salicylic acid or its simple 

derivative due to decomposition, Era chrome black or Chrys- 

amin, (3) presence of naphthalene nucleus which hastens the 
ff>rmation of skin, e.g., Biebrich scarlets. Scarlet It, etc., and (4) for 
trypanocidal activity, the terminals joining the azo groupings must 
contain naphthalene nucleus with sulphonic and amino groups 
fXicolIe and Mesnil, Ann. Inst. Pasteur., 1900, 20, 417). 

It has also been found that the media in which the coupling takes 
l)lace, play an important role so far as the trypanocidal activity is 
concctf^ued. Thus the compounds obtained by coupling in acid 
medium, have very little or no action upon trypanosomes and if, 
however, the coupling is performed in alkaline solution, entirely 
different products are obtained leading almost invariably to the com- 
plete disappearance of the said bacillus. 

The compounds containing naphthalene ring described in this 
paper, although they do not contain amino group, are expected to 
have enhanced trypanocidal activity due to the presence of arsenic in 
place of amino group. The coupling was done in alkaline media. 
The following are the additional considerations that may be put for- 
ward in favour of the new series of compounds. Modern reBearches 
on the deseases due to the parasitic organism, have pointed out 
clearly the reason why large number of synthetic drugs, very active 
from theoretical consideration's, failed to bring about the expected 
result. The reason, assigned to the failure of such cases, is that 
these classes of compounds cannot penetrate into the actual seat of 
the organism on account of the absence of lipolytic action. The 
compounds described in the paper, are expected to have the ly poly tic 
properties due to the presence of naphthyl sulphonic acid residue 
(TwitohelBs reagent). 

The compounds had all been prepared by diazotising the different 
aminocoumarins and coupling them in alkaline media with naph- 
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thylsulphoarsinic aoid. This latter compound was prepared by Hill 
and Balls {J. Amcr. Ohem. Soc., 1922, ii, 2051) by sulphonating 
naphtbylarsinic acid, but the authors did not undertake to find out 
the exact position to which the sulphonic acid group entered the 
nucleus. Hence the nomenclature used throughout was a general 
one, without assigining any restricted position to any group. 

The compounds which are all yellow dissolve in alkali with a deep 
red colour and are precipitated by acids. The compounds were crys- 
tallised from glacial acetic acid. 


Experimental. 

Couniorin-^azonaphihylsuJphoarsinic acid. — Naphthylslupho- 
arsinic acid (4 g.) was dissolved by stirring in 25 p.c. solution of 
sodium hydroxide. To this a few c.c. more of sodium hydroxide was 
added and was allowed to cool to O'" in an ice-bath. 6-Aininocou- 
marin (2 g.) was dissolved in a solution of hydrochloric acid (1 c.c. 
in 8 c.c. water). The solution was heated and then filtered hot 
to free it from insoluble matters. The filtrate was cooled to 0®' and 
to this powdered ice was added. The well-cooled solution was next 
diazotised with a solution of sodium nitrite (0*4 g. in 5 c.c. water). 
The resulting diazo solution was added with constant stirring to the 
alkaline solution of the sulpboarsioie acid kept at 0®, The whole 
was allowed to stand overnight and then filtered. The red solution 
was acidified with hydrochloric acid, which gave a yellow precipitate. 
This was separated, dried and then recrystallised from acetic acid in 
a yellow microcrjstalline product, m.p. 185® (decomp.). The acid is 
insoluble in water but dissolves readily in caustic alkolis and alkaline 
carbonates. (Found: N, 5*45 ; As, 14*76. C ;/)^N 2 SAs requires 
N, 5*55 ; As, 14*88 per cent.). 

l-Methylcoumarin iS-azonaphthylsulphoarsinic acid. — This was 
prepared in a similar way from 7-methyl*6-aminocoumarin as the 
previous one. The only precaution that was necessary was that the 
acid solution of the amino compound was treated with excess of 
pounded ice and the nitrite solution was added all atonce. The com- 
pound was precipitated as a dark brown mass as before with hydro- 
chloric acid and was recrystallised from acetic acid in yellow powder,. 
It shrinks at 163® and decomposes at 235®. (Found : N, 6*80 ; As* 
14*2., CgoHjidO^NgSAs requires N, 5*4 ; As, 14*4 percent.). 
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4 il-Dhnethylcouniarin-Q-azonaphthylaulphoarainic act'd, prepared in 
a similar manner from 4 : 7-dimethjl-6-aminbeoumarin and naphthyl- 
sulphoarsinic acid, recrystallised from acetic acid in yellow micro- 
crystalline powder, m.p. 204“ (decomp.). (Found ; N, 5*18 ; As, 
13‘85. C2 jH|708N2 SAs requires N, 5*2 ; As 14'09 per cent.). 

1 : 2'a~Naphthopyrone-6-azonaphihyl8u}phoar9inic acid was pre- 
pared in a similar way from 6-amino-l :-2 a-naphthapyrone and naph- 
Ihylsulphoarsinic acid. The only modification that was necessary 
was that the dia/.otised solution wa? filtered cold before coupling. 
The compound was ‘crystallised from acetic acid to a mass of yellow 
miSrocrystalline powder shrinking at 170“. (Found ; N, 4 7 ; As, 
r2'98. jOgN., SAs requires K, 5*0fi ; As, 13 53 per cent.). 

i-McthyJ-l •.2.a-n(tphthapyronc-(S-azonaphthyl8ulphoarHinic acid . — 
The method of preparation of this compound is the Siuue as the 

t 

previous compounds. But as the hydrochloride of the base is sparing- 
ly soluble in waiter the diazotisation w'ns effected in presence of excess 
of ice in suspended solution. The compound was crystallised from 
acetic acid in yellow powder, m.p. 162“ (decorap.). (Found: N, 
4'6 ; As, 13’1. (^2tHj708N2 B.As requires N, 4‘0 ; As. 13'2 per 
cent.‘>. 

.My sinceresb thanks are due to Dr. M. (ioswami, for his keen 
interest and valuaitlc suggestions and to the llirecter of Public Ins- 
truJtion, Bengal, for aw'.arding me a Post (Jraduate Kesearch Scholar- 
ship which has enabled me to undertake the work. 

DEPAHTMK.VT OF ApPLIliD CHEMISTHV, 

UNIVBBBITY CoU-KOH of SciKNCK AND 

Tkchsolociv, Cadciuta. 


Peceirtd May 11,1032. 




Synthesis of Aloe-emodin. 

By P. C. Mitter and DruPKOMAR Banerjee. 

Among the hydroxyanthraquinonefs occurring in nature, aloe- 
emodin, the active principle of aloes, rhubarb, etc., occupies a pecu- 
liar position, because of the presence of a carbinol group. The consfi- 
tution of this substance has been detennined by Oesterle and others 
(Arch, Pharm,, 1911, 249 , 445) by converting it into chrysophanic 
acid by reduction and into rhein by oxidation. 

The authors have confimied this constitution by actual *s}mthesi8, 
taking as the starting point rhein which has been already synthesised 
(Eder and Widmer, Chim, Acta, 1922, 6, B) and reducing it 

through the chloride and the aldehyde into the corresponding alcohol. 

In order to deterniine the conditions of the experiment, the authors 
reduced anthraquinone-/i-(‘arboxylic acid through the chloride into 
nnthraquinone*/3' aldehyde by the method of Rosenmund and his co- 
workers (JScr., 1918, 81 . 585; 1921, 54,425), using sulphurised quino- 
line as an anti-catalyst. The yield of aldehyde was, however, poor 
and it was subsequently found that the reaction goes on much better 
without any anti-catalyst. 

Anthraquinone-^-aldehyde could be successfully reduced to anthra- 
quinone-/?-carbinoI with hydrogen in presence of platinum oxide with 
ferrous chloride as promoter, according to the method of Roger Adams 
and his co-workers {J, Atncr. Chcm, Soc., 1922, 44f 1397 ; 1923, 48i 
1071, 2171 ; 1924, 46 , 1676). 

The synthesis of aloe-emodin was accomplishedj according to the 
following scheme. 


OH CO OH t OAc CO OAo OAo CO OAc 



Rhein. Diacetyirbein. Diacetylrhein 

chloride. 
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OH CO OH OH GO OH 



X/X/X/CHO 

GO 


1 : 8- Dibydroxjanthraquinone- 
S'aldebyde. 


fTPi 

\y\y^\ycH^on 

CO 

Aloe-emodin. 


Experimental. 


Anthraquinone - 13-carboxyI ic acid chloride. — Anthraquinone-^-car- 
bbxylic acid (5 g.). prepared by oxidising iS-inethylanthraqiiinone with 
chromic acid in acetic acid solution, was heated with thionyl chloride 
(100 g.) on a water-bath until the evolution of hydrochloric acid ceased. 
The excess of thionyl chloride was distilled off under diminished pi*es- 
sure and the acid chloride crystallised from benzene, ni p. 146®, yield ’ 
theoretical. 

Anihraquinone-fi^aldehyde . — The acid chloride (2 g.), palladium- 
ised barium sulphate (0*7 g.) containing 5 p.c. palladium ' and 
dried in vacuo over phosphorus pentoxide were taken in about 40 c.c. 
of dry xylene in a round bottomed flask with a side-tulie havjng a 
glass tube ground into it and reaching to the bottom of the flask. The 
flask, which was provided with a reflux condenser, was heated in an 
oil-bath at 150-60®. Hydrogen, carefully purified and dried by 
passing through strong sulphuric acid and finally through two Peligol 
tubes containing phosphorus pentoxide, was passed into the mixture 
through the side-tube until the ensuing gas was free from hydrochloric 
acid. The solution was then filtered from the catalyst and shaken on 
the machine with 10 p.c. sodium bisulphite solution. The bisulphite 
layer was then separated and decomposed with hydrochloric acid, 
m.p. 186®, yield Ig. 

For studying the conversion of the aldehyde into the carbinol, 
anthraquinone-/3-aldehyde was prepared on a large scale directly from 
jS-methylantbraquinone (Ullmann and Klingenberg, Ber,, 1913, 46 , 
712). 

Anthraquinone-/3-carbinol, — Anthraquinone-/3-aldehyde (2 g.) was 
dissolved in absolute alcohol, platinum oxide (0*1726 g.) prepared 
according to the method of Roger Adams {loc. ctf.) was added and then 
0*1 millimole of ferrous chloride. The flask containing the mixture 
was evacuated by means of a water-pump until the solution began to 
boil and then connected with a gas holder containing pure hydrogen 
and shaken mechanically until the theoretical amount of hydrogen 
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wan absorbed, which in this case took only five minutes. The cata- 
lyst was then removed by filtration, the alcohol evaporated off and the 
residue treated with boiling water in which the carbinol was found to 
be soluble. On recrystallising from benzene it was obtained as a 
yellow crystalline powder, m p. 183''. (Found: 0,75*52; H, 8'9. 
requires C, 75*63 ; H, 4*2 per cent.). 

DiacetylchryHophanic acid. — C'hrysophanic acid was prepared from 
crude chrysorobin according to the method of Fischer and Gross (J. 
pr. Chcm., 1911, li, 84, 309). It was aceiylatod by dissolving in ace- 
tic anhydride, cooling and adding 2 or 3 drops of strong sulphunT 
aci3. The acetylation was ainiost instantaneous. 

Diacftylrhvin. — It was prepared by oxidising diacetylchrysophanic 
acid according to the nit‘t hod of Fischer and Gross (/or. cit.). On 
treating the product with dilute soda solution and aeidifyin^, a mix- 
ture of rhein and diactetylrhein was obtained wdiich w'as completely 
deact‘tylated by boiling with alcoholic pottish, the rhein reerystallised 
from pjridine and reaeety lated hy beating with acetic anhydride and 
pyridine. 

Diacctyhhcm chloride. — It wmis prepared by treating diacetylrhein 
with tbionyl chloride in the usual manner. Crystalline mass from 
benze ne, m.p. 199'. (Found : Cl, B 7. Cic>H| jO^Cl requires Cl, 9 2 
per cent .). 

1 :B-Dihydro ryariihraquifitfnc -3 aldehyde , — Diaeetylrhein chloride 
was reduced to the aldehyde according to Rosenmund’s method (for. 
cli.). On decomposing the bisulphite compound by boiling with hydro- 
chloric acid, the substance was simultaneously deacetylated.From 2 g. 
of the acid chloride 0 7 g. of the aldehyde was obtained. Brown glis- 
tening needles from glacial acidic acid, m.p. 218'\ (Found : C, 66*85; 
H, 8*0. C^^HgOa requires (\ 67*10 ; H, 3*0 per cent.). 

1 :6-Dih ydroxya n thraq uin o n c S ea rb i n ol (-1 toe - r ai odi « ) . — The re- 
duction of the aldehyde was effected exactly in the same way as 
with anthraquinone-/3-aIdeliyde. The carbinol w'^as reerystallised first 
from dilute acetic acid and then from toluene. Orange needles from 
toluene, m.p. 219 20^^ (corr.)7 The m.p. was not depressed by ad- 
mixture with natural aloe-ejiiodin from Bnrbadoes aloes, melting at 
221^ (corr.). (Found : C, 67*08; H, 3*5. I'cquires C, 66*66 ; 

H. 3*7 per cent.). 

Cbbmioal Laboratorv, 

* tlxiViRiiaiTy CdLLBOB OF SciENCft, Heceivsd June 27, 1932. 

Calcutta. 




Kinetics of the Reaction Between Bromacetate 
and Thiosulphate Ions at Great Dilations. 

By a. N. Kappanna and H. W. Patwardhan. 

In a previous communication by one of us (J. hidian Chem. Soc., 
1929, 6 , 45) the results of a study of the kinetics of the reaction 
between bromacetate and thiosulphate ions in very dilute solutions 
weye presented. It was found there that the variation of the kine- 
tic activity factor with ionic strength in the region ()*0025/4 — 0*012, u 
was quantitatively in accordance with the predictions of the Brons- 
ted -Debye theory. Xine months after the publication of Jihe above 
•paper. La Mer published his work on the same reaction (J. Amer. 
Chem. Soc., 1929, 61, 3341, and correction, 1929, 61, 3678) and his 

results indicate that observed is only threefourths of what 

d^/fi 

is predicted by the Brdnsted-Debye theory. The discrepency bet- 
weeif these two sets of results is very great in view of the fact that 
very accurate results could be obtained in the kinetic measurements 
of the reaction. The importance of the subject and the far-reach- 
ing effects of the general application of the Brdnsted-Debye theory 
are such that we thought it necessary to revise and extend the pre- 
vious work on this reaction. In this communication we are present- 
ing data obtained over a wide range of temperatures (30® — 90°,) 

Experimental. 

The experimental procedure adopted was the same as in our 
previous investigation {loc. cit.). 

The sodium bromacetate was prepared as follows: — Kahlbaum's 
bromacetic acid dried over phosphorus pentexide was dissolved in 
pure dry ether so as to mak^ a concentrated solution. To this was 
added a drop of phenolphtbalein solution and then an almost sa- 
turated solution of sodium ethoxide in absolute alcohol drop by drop, 
the mixture being well stirred, until the liquid turned faint pink. 
Most of the sodium salt formed appeared as precipitate. Next, the 
mixture was treated with a drop or two of the acid solution to just 
decolourise the indicator and the precipitate filtered rapidly under 
a suetton and washed with dry ether. The salt thus obtained 

3 
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was next dissolved in the minimum quantity of absolute alcohol 
and reprecipitated by the addition of ether. A considerable amount 
of the salt was thus obtained. It was next filtered, washed with 
dry ether and the adherent ether was removed by evaporation in 
vacuum. The salt was preserved in a dish over fused calcium chlo- 
ride in a desiccator. The purity cf the salt was tested by the cBti* 
mation of bromine in a definite amount of the salt. 

Solutions of different concentrations were prepared by weighing 
out exact quantities of the salt. All the solutions were prepared 
in conductivity water. 

The reaction was followed by adding to known volumes of ihe 
reaction mixture, definite amounts of a standard centinormal solu- 
tion of iodine and titrating the excess of iodine against centinormal 
thiosulphate. 

While working at temperatures above solutions of sodium 

bromacetate of different concentrations were kept alongside the re- 
action mixtures for the same periods of time as the latter to find 
out if any side reaction (the replacement of bromine in the brom- 
acetate ion by hydroxyl by interaction with water) took place. It 
was found in all cases that no such action had taken place in the 
solutions at the concentrations covered by the investigations in this 
paper. 

Table I contains a summary of the results at different temper- 
atures. The figures included in brackets under 80®, 40® and 50® 
are velocity constants obtained in our previous inrestigation. It will 
be observed that the agreement between the two sets of results is 
quite close. 

Table I. 

0*434 K, 



- 80“ 

40“ 

60“ 

0*00125 

— 

— 

— 

0*00250 

C1940 (0-1960) 

0-4480 (0-4400) 

0-9760 (0-0986) 

0.0050 

0-8163 (0-8140) 

0-4960 (0-4980) 

1-060 (1-lSO) 

0*0070 

0-2807 (0-8800) 

0-6884 (0-6880) 

1-166 a-819) 

0*0085 

0 8410 (0*244) 

0-6460 (0-6400) 

1-810 (1-860) 

OOlOO 

0-8610 (0-866) 

0*6690 (0-677) 

1*860 (1-880) 

0^1^40 

0-8680 (0-876) 

0*8680 (0-0810) 

1-486 tt-iOO). 

01^ 

0*8040 (0-tft^ 

0‘0000(0-«ra0) 

1-677 ^|■•6d| 
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Table I — (contd.) 
0*484 K. 


• f* 

60” 


8(f 

9(f 

0 00126 

IHSi) 

3*769 

7*050 

12*90 

0 00261 

2 050 

4‘OCO 

7*695 

14*10 

0 0050 

2-200 

4'5U 

8*560 

15*67 

0-0070 

2440 

4*876 

9*030 

16*99 

0-0085 

2*640 

5*li0 

9*440 

17*86 

(fOlOO 

2 660 

5*290 

9*910 

18*50 

00140 

3*078 

G*(n)5 

11*400 

21*14 

0-0300 

3*328 

6*590 

12*32) 

22*85 


Discussion of Results. 

Log K plotted against gives straight lines in all cases over the 
region to V/a= 0'11 (for the region 0'(K)r25ft — 0’012/*) 

for data at all temperatures. The slopes of the curves ^ ^ 

obtained from these curves are compared in Table II with the slopes 
calculated from the standpoint of Debye-Hiickcl theory at different 
temperatures. 

Table IT. 


Temper fttij re 

30'^ 

40’ 

60^ 

60” 

70^ 

8.)*= 

90” 

Slope (found) 

2.16 

2 20 

2*23 

2*28 

2*29 

2*29 

2*30 

Slope (calc.) 

2*07 

2*12 

2*18 

2*23 

2*29 

2*31 

236 


The agreement between the two sets of values is as good as can 
be expected from the nature of the work. 

It can, therefore, be dednitely stated that in aqueous solutions 
for the ion s involved in this reaction, the variation of the kinetic 
activity factor with ionic st^ngth in the region 0'00125ju — 0’012/i is 
in good agreement with the predictions of the Brbnated-Debye 
theory over a wide range of temperatures up to 90®. 

Temperature coefficient of the reaction rate . — The tempera- 
ture coefficient of the reaction rate, throughout the temperature 
range examined, has been found to be practically independent of ionic 
> slarength. Table 111 gives the average temperature coefficient at 
different temperature limits. 
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Table III* 



Km" 

Km" 


Ajp! 

Aai 



K»" 

Km" 

K7»" 

Kso' 

2-280 

2-206 

2-102 

1-990 

1 87 

1-85 


These values for temperature coefficients lead to an average value 
of 15680 calories for the energy of activation of the two reacting ions. 

' Summary. 

A detailed study of the kinetics of the reaction between broin- 
acetate and thiosulphate ions in the presence of sodium ions has been 
made o^er the temperature range 30° -90'’ in the region of ionic 
strengths 0'00125/i-0'02/x in aqueous solutions. 

At all temperatures, the variation of the kinetic activity factor 
with ionic strength in the region 0 00125/1 — O'012/i for the ions in- 
volved in this reaction has been found to be in good agreement with 
the predictions of the JBrOnsted-Debye theory. 

The energy of activation of the two reacting ions has been.^ouncl 
to be 15680 calories, from the temperature coefficient of the reac- 
tion rates at different temperatures. 


Cbeuical Lauobatorv, 
College or Science, Naoeub, C.l’. 


Heceiced July 13, 1932. 



Chemical Examination of the Seeds of Abrus preca- 
torius, Linn. Part I. 

By Narendranath Qhatak and Ramjee Kaul. 

Ahrus precaforius or Jequirity as il is known in English, Gunja in 
Sanskrit, Iluti in Hindustani and Kunoh in Bengali is a plant of the 
natural order Lcguminoscv. It is grown in India and other hot 

• countries. It is a pc^rennial twiner with numerous stenfe. Seeds 
from 3 to 5 are contained in pods which arc from to 1 J in. long and 
i in. wide. The seeds are usually bright scarlet, w’ith a black spot on 
the top and are highly polished. The average weight of the seed is 
1'75 grains. There are three varieties of the seed c.^., scarlet, white 
and ^lack, but the findings of the present paper are on the scarlet one. 
The seeds are used in India by the goldsmiths as weight. The leaves, 
seeds and the roots of Abrus precatorius have been articles of Hindu 
materia inedica from a very remote period. Internally, the seeds are 
described as poisonous and useful in affections of the nervous system, 
and, externally, in skin diseases, ulcers, affections of the hair, leprosy, 
etc., (Dymock, Pharmacographia Indiea," Vol. I. p, 430). 

Warden and Waddell (** Non‘bacillar nature of Abrus poison/* 
Calcutta, 1884) have given the name ‘abrin* to the poisonous principle 
of Jequirity. They showed that abrin was closely allied to ' plant 
albumin ' but did not enter into any details as to whether it consisted 
of one or more proteids, Martin (J. Chem. Soc., 1887, 52, 990) proved 
the presence of two proteids, a globulin and an albumose in the kernels 
and the toxic action of Jequirity is attributed to them. Dr. Warden 
Pharmacographia Indioa,*^'1890, Vol. I, p. 442) claims to have 
succeeded in isolating an acid from the seeds, which he named as 

* abric acid * and represented it by the formula O^i H 24 O 4 N 3 , 
which is not in agreement with the “ law of even number of atoms.'* 
He also obtained a small quantity of pungent volatile oil. But he 
gives no details as to how abric acid was isolated. Abrin (Haas and 
Hill, “ Chemistry of Plant Products/* 1928, Vol, I, p. 871) has been 
suspected to have the same properties as ricin which occurs in Bicinus. 
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, T^eir toxic characters have been attributed partly to the preewice of 
ptomaine bodies and largely to bacterial toxins, a class of substance 
related to albumoses. 

The above represents the work that has hitherto been done on the 
seeds of Abrus preoatoriua. A systematic analysis of the seeds was, 
therefore, undertaken with a view to study the exact chemical nature 
of the poisonous constituents. Two definite products, one nitrogen 
containing and another a glucuside, viz., abrine and abralin, have now 
been isolated. Some quantity of a non-drying yellow oil has also been 
obtained. The properties of these substances have been described in 
the experimental part. 


Experimental. 

The scarlet variety of the seed of .46ru« precaiorius was obtained 
from the local market. The red seed-coat was removed by coarsely 
crushing the seeds in a grinding machine. The outer coating consti- 
tuted 80 p. c. of the entire seed. The yellow kernels were very hard. 

The powdered kernel (50 g.) was freed from oil by extraction, with 
petroleum ether in the cold and the oil-free powder on cold aqueous 
extraction gave a cloudy precipitate with ethyl alcohol which probably 
contained some enzymes. The powder on completely burning left 
2'5 p. c. of a white residue (ash) which on qualitative * analysis was 
found to contain iron, aluminium, calcium, silicon, magnesium, sul- 
phate and phosphate. 

For complete analy.sis 1‘5 kg. of the crushed kernels were ex- 
haustively extracted in a round bottomed extraction fiosk with litres 
petroleum ether (b. p. 35-60°) till a portion of the extract did not 
give any oily residue on evaporation of the solvent. From the petro- 
leum ether extract 85 g. of a yellowish brown, pungent, non-drying 
oil was obtained. The oil-free powder was successively extracted 
with rectified spirit. The first few extracts were yellow in 
colour and after that colourless extracts* were obtained which depo- 
sited white needles in small quantities on evaporation of the solvent. 
The substance seemed to be very little soluble in alcohol and, there- 
fore, the extraction was done about 20 times in order to recover the 
crystalline product completely from the powder. The powder became 
idmost colourless after the extractions. The total alcoholic extract 
was cmicenfoated under reduced pressure when a brown syrup having 
white erystalliae suspensiem was obtained. The liquidi had a 
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smeUt was all fc^r about a week wbeu the 

quantity of the crystalline product increased and settled at the bottom. 
It was filtered and washed with water. The dried crude product* 
which weighed 18 g. turned brown at 210^ and completely melted at 
247*^. This substance was moderately soluble in hot water from 
which snow-white needles were obtained melting at 295® and having 
a molecular formula CigHj^OoN^, It has been named as ‘ abrine' 
by the present authors. Warden {loc. cit.) must have got this subs- 
tance in an impure form which gave him a wrong analytical data and 
nmde him to suspect the compound to be acidic in nature. ^ 

•Abrine is insoluble in all organic solvents excepting alcohol in 
which it is slightly soluble. Neutral ferric chloride, lead acetate or 
subacetate, silver nitrate and calcium chloride have no effect on the 
substance. Pbosphomolybdic acid produces a white precipitate which 
soon changes to yellowish green and finally to grey colour. Eard- 
man*8 and Erohde’s reagents give yellow coloration with abrine. Gold 
chloride solution produces a yellowish turbidity which darkens and in 
about I minute becomes violet, which, however, throws down a 
l)lue'black precipitate on addition of concentrated hyorocbloric acid. 
Platifiic chloride solution seems to have no effect on the substance in 
the cold, but on heating and allowing it to cool a brown gelatinous 
precipitate settles at the bottom. Abrine is non-respondent to the 
rest of the alkaloidal reagents. It dissolves readily in hydrochloric 
acid and on complete evaporation of the solvent long silky needles of 
the hydrochloride of abrine are obtained which quickly dissolve in 
water. The hydrochloride gives all the reactions of the free base as 
described above, excepting with gold and platinic chloride solutions. 
The hydrochloride, however, gives a white precipitate with phos- 
photuogstic acid which turns brown in about 5 minutes. From the 
above reactions it can be said that abrine, is semi-alkaloidal in 
character. It is tasteless when pure and therefore may be classed in 
the group of non-bitter alkaloids. 

The thick mother liquor after the separation of abrine was diluted 
with water and on addition of lead acetate solution a thick yellow 
fiocculeot precipitate of strong disagreeable odour, was obtained. 
Ihe precipitate was washed free from lead and decomposed wdth 
sulphuretted hydrogen. The yellow filtrate on complete evaporation 
of water gave a brown sticky mass from which no chemically 
pure aubstance could be isolated. The product contained considerable 
amoutiik of reducing sugars. 
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The filtrate of the above lead salt gave a bright yellow bulky 
precipitate with lead subacetate solution. The purified lead salt 
was decomposed with sulphuretted hydrogen in alcoholic 
suspension. The yellow filtrate was concentrated under reduced 
pressure and on complete evaporation of the solvent a yellow 
deposit was obtained. It was non-crystalline in character and melted 
at 106® after remaining over calcium chloride in a vacuum desiccator 
for 2 days. This substance which has a molecular formula C 13 H 14 O 7 , 
has been named as ‘ abralin * by the present authors. Abralin 
does not reduce Fehling’s solution and Tollen’s reagent, but both are 
readily reduced if the compound is previously hydrolysed by wams.ing 
with concentrated hydrochloric acid. It does not produce any colora- 
tion or precipitate with the usual alkaloid reagents. Abralin has an 
astringent and mild bitter taste and produces a dark coloration with 
neutral ferric chloride solution, which turns red on dilution. The 
physiological examinations of abrine and abralin are in progress. 

The oil on purification with Fuller’s earth and animal charcoal 
became lighter in colour. It did not contain nitrogen and sulphur 
and was tasteless. The oil was optically active and gave a dexiro 
rotation of [ajD^= +0*39. This small rotation must be due to the 
presence of sterols in the oil. The oil burnt with an absolutely non- 
luminoua flame and gave the following constants. 


Miisture ... ... ... ... ... 0*76 p. c. 

8peci6c gravity at 25'’ ... ... ... ... 0-gi30 

Befractive index at 25* ... ... ... ... 1*4662 

Acid value ... ... ... ... ... 2*44 

Saponification value ... ... ... ... 191*7 

Hehner value ... ... ... ... S8 06 

Acetyl value ... ... ... ... ... nil 

Iodine value ... ... ... ... ... 95*1 

Unsaponifiabie matter ... ... ... ... 1*68 


Abrine , — Abrine dissolves in concentrated nitric acid with orange 
red colour which becomes yellow on dilution. In strong sulphuric 
acid it dissolves with yellow colour. When very slowly crystallised 
from water about 1 cm. long star shaped needles are obtained. 
[Found: 0, 65*78; H, 6*46; N, 18*15; M. W. (cryoscopio in phenol), 
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221. CiaHi 409 N 5 ^ requires, C. C6 08; H, 6*42; N, 12 84 per cent, 
M.W., 218). 

Abralin . — In conceatrated nitric acid abralin dissolves with red 
colour, which becomes orange yellow on dilution. In strong sulphuric 
acid it dissolves with a yellow colour which slowly darkens and 
finally becomes deep red, On dilution the colour is discharged and 
a yellow flocculeot precipitate separates, wbich is the aglncone of 
the glucoside. Abralin was optically active, having a laevo rotation 
of —27*37 in aqueous solution. [Found: C, 64*98; H, 5*29; 

M. W. (cryoscopic in phenol), 280, (lead salt), 281, C| 3 Hj 407 

requires, C, 55*32; H, 4*96 por cent. M.W., 282), • 

* Further work on the constitutions of abrine and abralin is in 
progress. 

Our best thanks are due to Dr. S. Dutt, D.Sc., P.R.8., for the 
kind interest he has taken in the work. One of us (N.G^ wishes to 
express iiis indebtedness to the Kant a Prasad Research Trust of the 
Allahabad University for h scholarship which enabled him to take 
part in the investigation. 


CasMU A.!. Lasoratort, 

UsiYsasiTT OF Ajllahabad, Beceited July 6, 1932. 
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Synthesis of Chromones. Part III. Condensation of 
/9-Naphthol with Alkyl Acetoacetic Esters. 

By Duhkhaharan Chakravarti. 


The condensation of phenols with ^‘ketonic esters in presence of 
sulgburic acid (Pechrnann reaction) and in presence of phosphorus 
pentoxide (Simonis reaction) has been the subject of investigation 
by the author (J. Indian Chem. Soc., 1031, 8, 129, 407, 019; 1932, 
9 , 25, 31) and discussion, excepting a generalisation {ibid., 1932, 9 , 
^V2) regarding these reactions was postponed until the accumulation 
of further experimental data. In the meantime, Robertson 
and his collaborators (J. Chem. Soc,, 1031, 1256, 1877, 2426; 

1932, 1180, 1681) arrived at the conclusion that the Simonis 
reaction depends entirely on the nature of the phenol and is 
independent of the nature of the ester ; which view was afterwards 
discarded by the same authors (J. Chem, Sac., 1932, 1180). While 
studying the /i naphthapyrone^ Dey and liakshininarayanan (J. 
Indian Chem, See,, 1932, 9 , 153) have supported the earlier view of 
Robertson and others that ‘‘The important factor, which determines 
the course of the condensation, however, is obviously not the 
/3-ketonic ester but the phenol itself, as suggested by Robertson.'* 
That the course of these reactions, however, depends on both the 
phenol and the /3-ketonic ester, is shown by the following experi- 
mental facts. 


Esters. 


Ethyl acctoacetate 


Ethyl a-methylaceto- 
acetate 

Ethyl a*ethyl (or cupropyl 
er a*ieopropyl)*aoeto- 
acetate 


products with HjSOi. 

with 0-nQphthoL 

Mixture of coutnariD and 
chromonefDey and Lakshrai* 
narayanan. h>c. cH,), 

Coumarin in poor yield* 

No reaction* 


Products with P> 05 , 


Chromone (Dey and 
Lakshfuinarayaoan, 
loc, ctf.). 

Chromone * 


ChromoneB • 


• vide infra- 
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Esters. 


Etbyl aoetoacetate 


Etbyl a*metbjlaceto- 
acetate 


r ^ 

Etbyl (or a iso- 

propyl or a.t>obuty1)- 
acetodcetate 


Ethyl acetbacetate 


Ethyl a-metbylacetoaeetate 


Etbyl a^ethylacetoacetate 


Ethyl a-piopyl (or isopro- 
pyl) acetoacetate 


Ethyl «*cbloroacetoacetate 


Prodacts with H|80|, 
with m^cretol, 

Couioarin (Fries aad 
Elostenoann Ber,, lOOfi, 
39» 971). 


Coumario in poor yield 
(Fries and Klostennann. 
AnnaJen, 19C8» 302» 8). 


No reaction (Cliakravarti, 
J, Indian Chew. Soc,, 
1932, 9. 32). 


with p'Cresol, 

OouDoarin (Pecbmatm and 
Cohen, Ber. 1834, 17, 2187). 


Coumarin (Chakravarti, J. 
Indian Chem.Soc., 1932, 

9, 29). 

Coumarin in poor yield 
(Robertson and Hand rock, 
loo. cit.). 

No reaction(Cbakravarti, 

J, Indian Chem, Soc., 1932, 
9. 81). 

Coumarin 


Products with PiOj, 


Coumarin 

(CIi ak ra varti . J . Indinn 
Chem. Soc., 1932, 9, 
26 ; Robertson and 
others, J. Chem* 
Soe., 1932, 1681). 

Cbromone (Petscbek 
and Bimonis, Ber., 
1913, 46 , 2014). 


No product can be 
isolated from ^«/he 
reaction inixtiire. 


Coumarin (Robertson 
and Handrock, J. 
Chem, Soc.t 1982, 
1480). 

Cbromone (Petacbek 
and Simonis. toe, cit,). 


Chrotnone (Robertson 
and Han d rock, oil.). 


No product can be 
isoloted from the 
reaction mixture, 

Coumarin (Robertson 
and Sandrock, toe,, 
cit.)» 


The present paper describes the /S-naphtbapyrones prepared by 
the condensation of /3-napbtbol v<rith alkyl acetoacetic esters. The 
^-naphthaohromones are characterised by the formation of 2-styryl 
derivatives, which distinguish them from the isomeric coumarins (of. 
Chakravarti, J. Indian Chem. Boe., 1981, 8, 131). The generalisation, 
previously recorded, holds in this case also. /3-Naphihot does not 
react readily with acetoacetic ester in presence of sulphuric acid to 
form coumarins, and it forms chromones in comparatively good yield 
in presence of phosphorus pentoxide. 

The condensation of phenols with other jtf-ketonic esters, e.g., 
acetone diosu'boxylic ester, oxalaoetic ester, benzoylacetio ester and 
acetosuodnio ester, in presence of phosphorus pentoxide is being 
studied and the xesults will be communicated shortly. 
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Experimental.* 

3 :4-DifnethyUl :2-pa~naphihapyrone. — A mixture of )8*naphthol 
(fi g.) and ethyl a-methyl ace to acetate (6 g.) was slowly added to ice- 
cold concentrated sulphuric acid (12 c.c.) and the solution was shaken. 
The solution was kept for 48 hours and crushed ice added to it; only 
a small amount of solid separated on standing. This was crystal- 
lised from dilute alcohol as colourless needles, m.p. 127®. (Found: 
(\ 80*12; H, 5'i58. requires C, 80*35; H, 5*35 per 

cent.). 

2 :3-Dimeihyl-l :A-lia-n(iphfhap\jrone ^ — To a warm solutioai 
of 4'naphthol (10 g.) and ethyl a-methvlacetoacetate (10 g.), phosphor- 
us pentoxide (25 g.) was gradually added and the mass shaken. The 
mass became hot and on standing for 15 minutes, it was heated on the 
•water-bath for about 1 hour. Crushed ice was then added* and the 
thick oil treated with cold caustic soda solution, when solid separa- 
ted. It was thoroughly washed with water, dried and crystallised 
from rectified spirit in colourless plates, m. p. 180® (mixed with 
the coumarin, m, p. 95®). (Found: C, 80*22; H,5*41. 
requi^res C. 80’35; 11,5*35 per cent ). 

2-Styryh3-niethyh\ :A-liu v<\phthapijron<\ — A solution of 2:8- 
dimethyl-1 :4-/ia-naphthapyrone (1 g.) in absolute alcohol w-as treated 
with alcoholic sodium ethoxide (0*5g. sodium) and benzaldehyde (Ig.), 
when only a slight yellow colouration was produced. The solution, 
on keeping overnight, deposited yellow crystals, which were filtered 
ojff, washed with dilute alcohol and recrystallised from absolute alco- 
hol in long yellowish silky needles, ni. p. 186®. (Found: C, 84*32; 
H, 4*91. C 02 H 1 cOg requires 0, 84*6; H, 5*12 per cent.). 

The 3 :4-dimethyM :2-/3a-naphthapyrone. prepared with sulphuric 
acid, does not react with benzaldehyde. 

2'Meihyl-3^rthyhl lA-^a^naphihapyrone was prepared from ;S-naph- 
thol and ethyl a ethylacetoacetate in presence of phosphorus pen- 
toxide and isolated in the manner described above. It crystallised 
from dilute alcohol in colourless plates, m. p. 117®. (Found: C, 80*22; 
H, 6*95. requires C, 80*67; H, 5*88 per cent.). 

2-St yryl-3 V Ihyhl :A-0tL-naphihapyrone was prepared by conden* 
sing the above pyrone with benzaldehyde as usual. It crystallised 
in yellowish silky needles from absolute alcohol, m. p. 188®. 

* The R-napthapyrooee have been named aooofdling to Day and Ijakahuii- 
naraynan (1^. oitA, 
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(Found; C, 84*35; H, 6’32. Ca3H|s03 requires C, 84*66; H, 6*61 
per cent.). 

2-Methyl-3-propyhl :A~^a~naphthapyTone, the condensation pro- 
duct of /8-naphthol and ethyl o-propylacetoacetate in presence of 
phosphorus pentoxide, crystallised from rectified spirit as colourless 
needles, m. p. 96°. (Found; 0, 81 12; H, 6*1 , CitHibOj re- 
quires C, 80‘95; H, 6*36 per cent.). 

2-Styryl-3-propyl-l:4-Pa-naphthapyrone crystallised from rectified 
spirit in yellow silky needles, m. p. 168°. (Found : C, 84*35; H, 
6*98. C24H20O2 requires C, 84*70; H, 5 '88 per cent.). 

2-Mctfepl-3-iBopropj/M :4-j8a-napftf/iapj/ronc was prepared by con- 
densing /8-nap hthol and ethyl a-j«opropylacetoacetate in presence of 
phosphorus pentoxide. It crystallised from rectified spirit in colourless 
prismatic needles m. p. 131°. (Found: C. 80*83; H, 6*43. 
requires C, 80*95; H, 6*35 per cent.). 

2~8tyryl-B-iBopropyl-l "A-fia-naphthapyrone crystallised from recti- 
fied spirit as silky yellow needles, m. p. 187°. (Found; C, 84*63; 
H, 5*67. C24H20O2 requires C, 84*70; H, 5*88 per cent.). 

/3-Naphthol does not condense with ethyl a-ethyl (or a-propyl or 
o-j«opropyl)-acetoacetate in presence of sulphuric acid. 

My best thanks are due to Prof. E. N. Sen for his interest in this 
investigation and to Drs. P. Neogi and M. Q. Khuda for giving me 
full facilities for conducting this work. 


Ohbuical Labobatobt, 
Fbbbidbncx Golleob, 
Calcdtta. 


Receired Augu$t 16, 1982. 



Studies in Organo-arsenic Compounds. Part II. 


Jiv Hirkxdra Kath ])A8-QUPTA. 

No attempt appears hitherto have bt^en made to introduce arsenic 
into xunthone nucleus. The only compound that is known to con- 
tain arsenic is xanthoarsenite, a naturally oceiiring mineral, discovei^ 
ed by Igelstriin (Z. Knjut Min., 1886, 10, 5lHu 

Xanthone itself possesses antiseptic action and the assumption 
that by introducing arsenic into the nucleus, the resulting compounds 
miglit j)rove to have greater potentialities as drugs, led to the pre- 
ient attempts. The different compounds that have been prepared are 
the follow ing ; Xanthone ^-arsinic acid, a-nitroxantharsinie acid, f3- 
nitroxantharsinic" acid, /i-aminoxantharsinic acid, /i-acetyl- 
arninoxantharsinic acid, and bromonitroxantliarsinic acid. 

The next series of compounds that have been described are the 
quinoline derivatives of cnumariii and xanthone containing arsenic in 
the nucleus. Of these the first compound is a pseudo oxa/one and 
contains, in addition to the pyridine ring, groups like-CR :C H-and 
-O'CO in the ring. The existence of the above* mentioned groupings 
in a compound causes the augmentation of the number polymor- 
phonuclear white blood corpuscles, helping thero by in an indirect 
way, in checking an attack due t<» parasites, and increased internal 
secretions. It has alst) been definitely established that quinoline 
compounds have decided antpyreiic action, sj>eciiiily if the position-C 
is fixed and an enhanced action is observed if both 4- 
and ()-positions are simultaneously occupied. The compound ^-1 :8- 
t«onaphthoxazone-3-arsinic acid, described in this paper, in w^hich 
the positions 4 nnd 6 are occupied, satisfy all the above mention- 
ed conditions in addition to the pentavalent arsenic in the nucleus 
and was, therefore, supposed to have an enhanced antipyretic and 
bactericidal action in the l4^atment of diseases due to parasitic 
organism. 

The nitro-\/^-l :8- jHonaphthoxazone was prepared according to the 
method of Dey and Qoswami (J. Chem. So(\, 1919, 118 , v531) for the 
preparations of coumaroquinoliue from nitroooumarins. The provi- 
*aioaal formula as advanced by the authors (ioc. ei<.)has been adopted. 
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The reduotion of the oitro-^-oxazone was effected by sulphuretted 
hydrt^en and ammonia in alcoholic solution. It is probable that 
upto the formation of the arsinic acid derivative the following has 
been the main course. 


O 
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Skraup 
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CH 
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The application of the Skraup reaction was extended to the other 
dinitro derivatives of coumarin, e.g., 7-methyl-and 4 :7-dimethyl-3 ;6- 
dinitrocoumarins-and in each case the desired product was obtained 
but the yield was too low to be used for subsequent treatments. 

The second compound xanthoquinoline-/S-arsini(! acid was pre- 
pared from id-aminonxanthoquiaoline. The nitro compound 
was prepared by Dhar (</. Ohevt. Soc,, 1920, 117, 10.58). Here also 
it will be found that the poaitim -4 or 0 is occupied and from 
similar arguments should have antiseptic and bactericidal activity as 
will be evident from the following constitutional formula. 



The arsinic acids, enumerated as above, had all been prepared by 
the well-known Bart’s reaction from their corresponding amino deri- 
vative. The reduction of nitroxantharsinic acid was done by the 
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method of Jaoobr Heildelberger and Rolf (J. Amer. Ohem. 8oc., 1918, 
i0» 1580} most easily. The method claimed by Fargher (J. Chem* 
8oc., 1019,116, 990) to give satisfactory results and which is a 
modification of that described in D. R. P. 224958, for the 
method of reduction of nitroarsinic acids failed to do the same 
in this particular case. Monobromodinitroxanthone cmd 
i3>njtroxanthoquinoIine bad been reduced by ammonia and 
sulphuretted hydrogen in alcoholic solution. The method for the 
reduction of B-nitroxanthone, a^and /3-dinitroxanthone, as suggested 
by Dhar (J- Cheni. Soc,, 1016, 109, 744), gave very low yield of th^ 
amLno derivatives. The additional disadvantage of the method is 
that on account of the lower solubility of the nitrocompounds in 
alcohol, a large quantity of tlie solvent is required to start with. To 
obviate this difficulty the nitre derivatives had been reduced by stan- 
nous chloride in alcohol and hydrochloric acid solution. In the eases 
of a-and ^-derivatives, contrary to the usual expectation, namely, 
the simultaneous reduction of both the nitro groupings, in each case 
a nitroamino compound was obtained. The reduction products were 
tested both qualitatively and quantitatively to ascertain the similarity 
of the* compounds with those obtained by reducing with suipboretted 
hydrogen and ammonia as tried by Dhar (loc, cit.) and the identity 
was observed in each case. 

The arsinic acids vary in coloration, from brown to yellow, and 
most of them are nearly insoluble in commoner organic solvents. 
They are all microerystalline solids, readily soluble in caustic alkalis 
and alkaline carbonates. The alkaline solutions are deep brown in 
colour from which hydrochloric acid precipitates the original com* 
pounds, 

Expbbimbntal. 

deduction of Nitroxanthoncs, 

S-Aminoxanthone, — 3-Nitroxanthone (7 g.) was gradually added 
to a mixture, consisting of stannous chloride (21 g.), alcohol (20 c.c.) 
and concentrated hydrochloric acid (18 c.c.), heated in a beaker to a 
clear solution by direct flatpe. While the addition of the nitro com- 
pound was made the flame was turned low. Within a very short 
time a slow reaction began and this was ovejp when every thing went 
into solution. To the reaction mixture concentrated hydrochlo- 
ric acid (86 o.c.) was added whereby light yellowish white feathery 
' mass immediately separated out. This was allowed cool and then 

5 
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filtered. The residue was washed repeatedly with concentrated 
hydrochloric acid and was then dissolved by boiling in excess of water 
and filtered. The filtrate was cooled somewhat and sulphuretted 
hydrogen was passed to precipitate the tin. The resulting mixture was 
filtered and treated with ammonia when a yellow precipitate of 3- 
aminoxanthone was obtained. The amino compound was separated, 
dried, and crystallised from alcoholi m. p. 232®. The other proper- 
ties of the compound were found to tally with that prepared by Dhar 
(foe. cif.). 

, a-NitfoaminotKanthone was prepared in a similar manner as 
above, with the following reaction mixture : a-dinitroxantlr'ne 
(7*5 g,), stannous chloride (22 g.), hydrochloric acid (20 c.c.) and alco- 
hoi (30 c.c.). Towards the end of the reaction 35 c.c. more of the 
concentrated hydrochloric acid were added. The reaction was a rapid 
one and only one of the nitro groups underwent reduction to amino 
compound. The substance was crystallised from alcohol, m. p. 206®- 
07®. (Found: N, 10‘78, Cj <jHg 04 N 2 requires N, 10‘9 per cent.). 

fi-NitroaminoxanthonG was prepared in a similar manner and 
with the same proportions as the a-derivative. m.p. 264-65®. 

Monobromonitroaminoxanthone, —The reduction of the mono- 
bromodinitroxanthone was effected by sulphuretted hydrogen and 
ammonia in alcoholic solution. The substance was sparingly soluble 
in alcohol and hence a large excess of the solvent was required. The 
addition of ammonia was made in two or three portions and sul- 
phuretted hydrogen was passed after each addition. When the 
reduction was over, the excess of alcohol was evaporated off on a water- 
bath and the solid mass was treated with a few c.c. of concentrated 
hydrochloric acid so as to form a paste. The paste was boiled with 
excess of water and then filtered from insoluble unchanged nitro 
compound. The filtrate on being rendered alkaline with ammonia 
gave yellow crystals of the amino compound. This was recry stall ised 
from alcohol in fine needles, m.p. 148-46®. (Found : N, 8*4. 
0 ^ 3 H 704 N 2 Br requires N, 8*3 per cent,). 

Introduction of Arsenic in Xanthones. 

B-Xantharsinic Acid. 

CO 
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3-Amin.oxauthone (2*2 g,) was suspended in 20 c.c. of water and 
was dissolved by stirring in hydrochloric acid (2 c.c,)« The solution 
was diazotised at 0® with a solution of sodium nitrite (0*8 g.) in water 
(5 c.c.) and was then introduced gradually in cooled mixture contain- 
ing sodium carbonate {10 g.)» arsenious oxide (4*5g.)> copper sulphate 
(t^‘3 g.) and water (25 c.c,)t the whole being well stirred during the 
operation. The mass became reddish brown and nitrogen evolved 
and stirring was continued for 1 hour more. The reddish brown 
solution was concentrated and filtered. The filtrate was gradually 
acidified with hydrochloric acid till a small quantity of brown 
precipitate was produced. At this stage the mixture was fiilterod 
and the filtrate on further acidification gave a dull yellow precipitate. 
This WHS collected, redissolved in sodium bicarbonate, boiled with 
animal charcoal and filtered. The filtrate was then acidified when 
whitish yellow mierocry stall ine powder was obtained. The substance 
was found to be insoluble in most of the commoner organic 
solvents and hence the final purification was made by redissolving 
in sodium bicarbonate and reprecipilatiug it. It does neither melt nor 
shrink even upto 335"’. (Found: As, 22*1). C|;.; H*) As requires 
As, 23 ’4 per cent.). 

a - X i t ro xanthiirHini c A rid. 



This was prepared in a similar way as ibc previous compound by 
diazotising a-nitroaminoxauthone and adtling the diazo solution to the 
arsenite solution. The resulting solution was of deep red colour 
and this on acidification gave at first a small quantity of scaly preci- 
pitate. At this stage the solution was again filtered and the filtrate 
on further acidification produced a brownish red product. The subs- 
tance was observed to -the readily soluble in alkalis and alkali carbo- 
nates and insoluble in most of the commoner organic solvents. 
Hence it was purified by dissolving in sodium carbonate, boiling the 
solution with animal charcoal, filtering and then reprecipitating with 
acid, when dull red rnicrocrystalUne product was obtained. It does 
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no* mnlt even upto 380", yield 60 p. o. (Found : Ab, 20'1. 
C|3Hg07NAs requires ,As, 20*5 per cent.). 

P NiiroxanthaTsinic Acid. 



The acid was prepared and purified in a similar way as the com- 
pound from ^-nitroaminoxanthone. The substance dissolves read/Jy 
in alkalis and alkali carbonates but is insoluble in most of the organic 
solvents. It does not meli even upto 340- , yield 65 p. c*. (Found: 
As, 20*28.^ Cj 3 Hg O-NAs requires As, 20*5 percent.). 

p-Aminoxantharainic acid . — Ordinury ferrous sulphate (10*6 g.) 
was dissolved in warm water (35 c. c.) The solution was cooled well 
and was transfen*ed to a wide-moutbed bottle fitted with a rubber 
stopper. This was treated with 25 p. c. solution of sodium hydroxide 
till the ferrous hydroxide mud reacted strongly alkaline to litmus paper 
on vigorous shaking. /3-Nitroxantbarsinic acid (3*5 g.) was dissolved in 
sodium hydroxide and this solution was poured at once into the hy- 
droxide mixture, the whole being vigorously shaken for 5 minutes. 
The alkaline solution was allowed to stand for ^ hour more and during 
this time the pale blue hydroxide gradually changed in colour to dark 
brown ferric hydroxide. The mud was separated by filtration 
through a large buckner funnel, the residue being finally washed with 
water. The filtrate was next acidified with concentrated hydrochloric 
acid whereby yellow amino compound was precipitated. This was 
crystallised from acetic acid. Does not melt even upto 347®. (Found : 
As, 22*1. C|3 T3.\(i O5 NAs requires As, 22*3 per cent.). 

P-Acetylaminoxaniharsinic acid , — The sparingly soluble /3-amino- 
xantharsinic acid was finely powdered and suspended in glacial acetic 
acid. To this excess of acetyl chloride was added and the mixture 
was heated under reflux for 2 hours. The hot reaction mixture was 
rapidly filtered and the filtrate was heated on a water-bath to expel the 
excess of acetyl chloride. The concentrated solution was then treated 
with cold water when the ^-acetyl derivative separated out. The 
compound was filtered and then dried in a vacuum desiccator 
and it was finally crystallised b» a yellow powder from acetic 
acid* The compound does neither melt nor shrink even up to 340^ » 
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yield 86 p. c. (Found: As, 19'5. O^NAs requires As, 

19*8 per cent.). 

BromonitroxanthaTBinic acid was prepared from monobromo- 
nitroaminoxanthone as before by the usual Bart reaction. The 
substance was purified by alternately dissolving in alkali and reprecipi' 
tating with dilute hydrochloric acid. The purified product is of cream 
coloured miorocrystalline powder, m. p. 258-60° (decomp.). (Found: 
Asj 16*67. Gj 3 H 707 NBrAs requires As, 16*8 per cent.). 


Quinoline DerivativeH, 


S'Niiro-^-l iS’iHonaphihoxazone , — 3 :6-Dinitrocouinarin (4 g.) was 
dissolved to a clear solution in concentrated sulphuric acid (7c. c.). 
To this solution glycerol (10 c. c.) was added, the addition of 
which caused the precipitation of the nitro compound with 
rise in temperature. This was stirred well and was allowed to cool to 
the room temperature. The cooled mixture was gradually heated in 
an oil-bath with constant stirring The mass began to darken 
at 116° and a vigorous reaction took place between 138-40^. 
The vessel containing the reaction mixture was removed and allowed 
to cool with stirring. This was again heated on the bath to 120° and 
was kept at 135-40° for 1 hour. The temperature was next raised to 
160-60° and allowed to remain at this for v5 hours. Finally the tem- 
perature was raised to 170° for J hour. The black residue was final- 
ly powdered, repeatedly boiled with water and filtered after each 
time. The yellow filtrate was at first treated with concentrated 
ammonia and then with dilute ammonia whereby voluminous yellow- 
ish white precipitate was obtained. The addition of ammonia should 
be a gradual one as the substance is soluble in excess of the same. 
The precipitate was separated and then dried in a vacuum desiccator. 
It was crystallised from alcohol in colourless needles, m. p. 228-30°, 
yield 2*1 g. <Found: N, 11*48. CjgH^jO^Na requires N, 11*67 
per cent.). 

8-i4mino-V'‘l :8-isoHa(>kffeoxaao«c. — The nitro compound (5 g.) 
was dissolved by beating on a water-bath in alcohol. To the clear 
solution concentrated ammonia (20 c.c.) was added and sulphuretted 
hydrogen was passed in for 15 minutes. The addition of the latter 
subetanoe at first gave a precipitate which dissolved to a yellow solu-' 
Uon aftemwds. The yellow solution was again heated and sulphu- 
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retted hydrogen passed after adding 20 c.c. more of ammonia. T^he 
reduction was complete when the solution assumed a brown colora- 
tion. The excess of alcohol was boiled off on a water-bath and concen- 
trated hydrochloric acid was added to the residue so as to get a pasty 
mass. This was boiled with excess of water and filtered from the 
insoluble nitro compound. The filtrate was rendered alkaline where- 
by brownish yellow precipitate was obtained. The amino compound 
was crystallised from alcohol in light yellow fine needles, m. p. 270°, 
yield 30 p. c. (Found: N, 13*04. Ci2Hg02N2 requires N, 13*2 per 
cent.). 

' ^•liS-isonaphihoxazonc-B-arsinic acid, — The amino compound 
described above was dissolved by heating in a solution of hydrochlo- 
ric acid (1*5 c.c. in 10 c.c. water). The hot solution was rapidly 
cooled with ice so as to get the hydrochloride in a fine state of sub- 
division. ^ Tothe well-cooled solution powdered ice was added and. 
then a solution of sodium nitrite (0*5 g. in 5 c.c. water) was added 
at one time with stirring. The resulting diazo solution was gradually 
added with stirring to a well-cooled solution of sodium carbonate 
(6 g.), arsenious acid (2*5 g.), copper sulphate (0*2 g.) and water (30 
c.c.). The addition of the diazo solution caused a slight frothing 
which subsided with time. The mass was stirred for ^ hour more 
and was then allowed to stand for 1 hour at the room temperature. 
The yellowish brown solution was filtered from the suspended and 
insoluble substances and was next concentrated to a small bulk. 
Towards the end the whole was boiled for sometime with animal 
charcoal and filtered. The filtrate on cooling was acidified at first 
with concentrated and then with dilute hydrochloric acid when 
a brown precipitate of the arsinic acid derivative was obtained. The 
precipitate was separated and then dried in a vacuum desiccator. It 
was crystallised from acetic acid in cream coloured microcrystalline 
powder, m. p, 226-27° (decomp.). (Found: As, 22*9. As 

requires As, 23*3 per cent.). 

^•Aminoxanthoquinoline was prepared by the reduction of nitro- 
xanthoquinoline by sulphuretted hydrogen and ammonia in alcoholic 
solution. The substance was crystallised from alcohol in light crys- 
tals, m. p. 276-78°. (Found: N, 10*5. (.H 10 O 2 N 2 requires N, 

30*6 per cent.). 

Xanthoquinoline-^-arsmic acid was prepared from /3-aminoxantho- 
quinoline by subjecting it to Bart reaction. The acid thus obtained 
was purified by repeatedly dissolving in alkali and reprecipitating 
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with acid. This gave the substance as a light brovm powder and was 
found to shrink at 8l!5° but did not melt even up to 345°. (Found : 
As, 20'08. C|cH,{,Or,NAs requires As, 20'2 per cent.). 

In conclusion I take the opportunity of expressing my heartful 
thanks to Dr. M. Goswami. for hi.s keen interest in this work and to 
the Director of Public Instruction, Bengal, for awarding me a Post- 
Graduate Research Scholarship which ha.s enabled me to undertake 
the work. 
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Studies on the Formation of Azoxy, Azo, Hydrazo and 
Benzidine Compounds and the Dyes Derixed 
from the Latter. 

By E. N. Sen and E. Sadasivam. 

In the present work, the action of zinc dust and caustic soda, and 
zinc dust and ammonium chloride on aromatic nitro compounds has 
been further investigated with a view to study (a) the influence of the 
nature and position of the substituents on the formation of the azoxy, 
azo and hydrazo compounds and also on the subsequent benzidine 
transformation, and (b) the tinctorial properties of the dyes derived 
from the resulting benzidine compounds. 

Eoduction with caustic soda and zinc dust is now found to be 
very efficacious in the preparation of azo and hydrazo compounds 
from substituted nitrobenzenes viz., m-nitrobenzoio acid, m-and 
o-nitrophenols, m-and o-nitrobcnzaldehydes (cf, Loewenherz, Ber., 
1892, 25, 2795), In the case of the nitroaldehydes not only is the 
nitro group reduced, but the aldehydo group also undergoes reduction 
to the primary alcoholic group. 

Comparing the yields obtained and the time of reduction of the 
nitro compounds to the hydrazo stage, it is found that the meta 
substituent influences the reduction more favourably than the ortho, 
although substitution in general retards the reduction of the nitro 
group. It is observed that the aldehydo group exerts the most and 
the phenolic group the least favourable influence on the formation of 
the hydrazo compounds. 

The mixture of zinc and ammonium chloride, previously used by 
Gumming and Steel (J, Ghent . Soc., 1923, 123 , 2464) for the reduction 
of a-nitronaphthalene to hydrazo and azo compounds, is found to be 
not suitable for the reduction of ordinary aromatic nitro compounds, 
although a heterocyclic nitro compound such as 6-nitrocoumarin is 
readily reduced yielding 60 per cent, azoxycoumarin and 30 per cent. 

' aminocoumarin, 6-Nitrocoumarin is however completely reduced to 

6 
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O-antinocoumarm by the action of zinc dust and caustic soda. Azozy- 
ooumarin is very similar in properties to the azoeoumarin synthe* 
sised by coupling diazotised 6-aminocoumarin with ooumarin (Chakra- 
varti, J Indian Chem. 800 ., 1931, 8, i506). The solution of the 
compound in caustic soda undergoes geometrical inversion with 
mercuric oxide {of. Sen and Chakravarti, J. Indian Chem. 80 c., 1980, 
i, 247; Chakravarti, ibid, 1931, 8, 891). It is remarkable that 
azozycoumarin on further reduction is converted wholly into 
aminocoumarin, no azo and hydrazo compounds being produced. 

On the benzidine transformation of the hydrazo compounds 
studied, the position and the nature of the substituents appear to have a 
marked influence. It is found from the yield of benzidine derivatives 
from the hydrazo compounds investigated that of the groups OH, 
COOH, and CH^OH, the OH group is most favourable for benzidine 
transformation while the CH^OH group retards it. It is also observed 
(hat geherally the meta substituent is more favourable for the 
benzidine transformation than the ortho substituent excepting the 
alcoholic group which when in the meta position does not exert any 
beneficial mfluence. 

The new substituted benzidine compounds, prepared and described 
in this paper have also been tetrazotised, and the azo-dyes obtained 
from them by coupling with )9*napbtbol and /8-napthol sulphonic acid 
are substantive to cotton, while those obtained by coupling with 
dimethylaniline and j9-naphthylamine behave like ordinary basic dyes. 
It is found that in all cases the azo-dyes derived from the ortho 
substituted derivatives produce deeper shades than the corresponding 
meta compounds. It is remarkable that even the meta compounds 
yield dyestuffs substantive to cotton which is not generally the 
case. 

Experimkmtal. 

For the reduction of the nitro compounds to azo and hydrazo com- 
pounds with .zinc dust, the mixture was mechanically stirred throughout 
the reaction. The stirrer passed through the inner tube of the con- 
denser fitted to the flask containing the alcoholic solution of the nitro 
compound and zinc dust, caustic soda solution being added drop by 
drop from the top of the condenser. In the case of nitroooumarin 
the zinc dust was slowly added through a second tube in the cork 
fitted to the flask, which was closed after each addition. 

6 ^ Aeoxy ooumarin. — 6-Nitrocoumarin purified by crystallising from 
hot pyridine (tO g.) was mixed with alcohol (80 c.c.), ammonium 
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chiaride . (21 g.) and water (25 c.c.) added. 2imo dust (18 g.) was 
gradually added keeping the temperature between, 70-75^. In about 
45 minutes the reaction was over. After cooling, the precipitated 
azoxycoumarin along with the zine dust was filtered and washed 
repeatedly with boiling water to remove traces of aminocoumarin 
formedt which crystallised out from the filtrate. The mixture of 
the azoxycoumarin and zinc dust was treated in small quantities 
with dilute hydrochloric acid to remove the zinc dust. It crys- 
tallised from hot nitrobenzene as pale yellow clusters of thin 
long needles melting above 300®, yield 60 p.c. It is insoluble in 
most organic solvents except hot pyridine and and nitrobenzene. R 
is soluble in caustic soda solution with a deep orange colour, but is 
insoluble in ammonia, sodium carbonate or bicarbonate solutions. It 
dissolves in concentrated sulphuric acid with a red colour and is 
«reprecipitated on dilution. (Found :N, 8*29. C^gHioO^N/ requires 
N, 8*88 per cent.). 

Azoxy-o-coumaric Acid, 


\/ 

O 




\yoB. 


Azoxycoumarin (1 g.) was dissolved in a 10 p. c. solution of 
caustic soda (20 c.c.) diluted with water (180 c.c.) and boiled for 
about ^ hour with mercuric oxide (3 g.). The cold solution was filtered 
from mercuric oxide and acidified with hydrochloric acid. The 
gelatinous precipitate, thus obtained was washed with water, dis- 
solved in ammonia, filtered and filtrate acidified, with dilute hydro- 
chloric acid. The precipitate was crystallised from alcohol ' as a 
yellow microcrystalline powder decomposing above 270®. It deco- 
lourises bromine water and dilute potassium permanganate solution 
readily in the cold. It easily dissolves in alcohol, acetone, dilute 
ammonia, sodium carbonate and bicarbonate solutions. With con« 
centrated hydrochloric acid its colour changes to deep violet. 
(Found: N, 7*7. CigHi 407 N 3 requires N, 7*78 per cent.). 

The diethyl ester^ prepared in the usual manner, crystallised from 
alcohol as a brownish ylllow powder melting above 260®, yield 
70p. c, (Found: N, 6 * 6 . C 22 H 22 O 7 N 2 requires N, 6*56 per cent.)^ 
m-Hydraeobenzoic acid , — To a mechanically stirred mixture of 
m-nitrdbenzoic acid (9 g.) zinc dust (24 g.) and alcohol (20 c.o.), a 
solution of caustic soda (12 g.) in water (40 c.c.) was added drop by 
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drop in about 1 hour, keeping the temperature at about 90®. When 
the solution became colourless, it was filtered and the alcohol 
distilled off in an atmosphere of hydrogen. The solution was then 
filtered and treated with excess of dilute acetic acid and the precipi- 
tated tn-hydrazobenzoic acid washed and dried, yield about 65 p.c. 
It was found identical with the compound obtained by Greiss 
{Ber., 1874, 7, 1609) and by Sbrecker {Annalen, 1867, HI, 129) by 
different methods. (Found: N, 10*4. Oi 4 H|^O^N 2 requires N, 
10*29 per cent.). 

m-Diaminodiphenic acid. — The reduced alkaline solution con- 
taining the m-hydrazobenzoic acid was freed from zinc and boiled 
with excess of concentrated hydrochloric acid for a short time and 
left overnight. The precipitated dihydrochloride of 7 ?/-diaininodi- 
phenic acid was crystallised from hot water in white prisms from 

o 

which the base itself was obtained as a microcrystalline solid by boib 
ing with sodium acetate solution. It is easily soluble in caustic 
soda solution, sparingly in water and almost insoluble in dilute 
hydrochloric acid. (Found: N, 10*4. C 14 H 12 O 4 N 2 requires N, 10'29 
per cent.). 

m-Dihydroxybenzidine. — This compound was obtained by rejlucing 
m-nitrophenol and subsequent benzidine transformation of tbe 
hydrazo compound thus formed in a similar way to the above. It 
crystallised from acetone in plates, m.p. 140®, and was found to be 
identical with the compound obtained by Elbs and Kirsch from m- 
azophenol (J. pr, Chem., 1903, n, 67, 265). (Found: N, 12*84. 
C 12 H 12 O 2 N 2 requires N, 12*96 per cent.). 

o-Hy dr azophenol. — An alcoholic solution of o-nitrophenol was re- 
duced as previously described with zinc dust and caustic soda until 
colourless. The solution was freed from zinc, the alcohol distilled off 
in an atmosphere of hydrogen, and the residue exactly neutralised 
with dilute acetic acid at 5®. The hydrazophenol that was precipitated 
along with zinc hydroxide was extracted with ether and the ether eva- 
porated off in vacuum. It crystallised in colourless plates, m.p. 148°, 
yield 55 p.c. (approx.). It is soluble in hot' water, alcohol, ether, 
dilute hydrochloric acid and dilute caustic soda solutions. It dar- 
kens on exposure and it gives a deep red. coloration with ferric chlo- 
ride. (Found: N, 12*8. 012 ^ 1202^2 requires N, 12*96 per cent.). 

Dibenzoyl derivative crystallised from chloroform as a brownish red 
microcrystalline powder, m.p. 186®. (Found: N, 6*47. C 2 (jHi 202 N 4 
requires N, 6*6 per cent.). 
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0 - Dihydroxy benzidine was prepared easily by directly treating the 
reduced solution after filtering off the zinc, with excess of concentra- 
ted hydrochloric acid at 0 ° and boiling the solution for a short time. 
On keeping overnight, the dihydrochloride crystallised as colourless 
plates. The free base was completely precipitated from aqueous 
hydrochloride solution with sodium carbonate. It crystallised from 
acetone in plates, m.p. 160®, yield 30 p.c. Hot water solution 
gives red precipitate with ferric chloride. It is soluble in dilute 
acids, caustic soda and sodium carbonate solutions, alcohol and 
acetone. (Found: N, 12’92. C 12 H 12 O 2 N 2 requires N, 12’96 per 
cent.). * 

The dihydrochloride crystallised in colourless plates, m.p. 144®. 
(Found : Cl, 24*7. Cj 2 H| 402 N 2 Ci 2 requires Cl, 24 ’5 per cent.). 

Teirabenzoijl derivative crystallised from chloroform as a mioro- 
• crystalline powder, m.p. 180®. (Found: N, 4'24. C 4 o*& 280 aN 2 
requires N, 4*4 per cent.). 

Dibromo derivative was prepared by adding bromine water to a 
solution of o-dihydroxybenzidine in dilute hydrochloric acid. It crystal- 
lised from alcohol as a red miorocrystalline powder, m.p. 174®. 
(Fotyad: Br, 42*66. C 12 H 10 O 2 N 2 Brg requires Br, 42*78 percent.). 

Bismethylhenzoxazole was prepared by boiling o*dihydroxybenzi- 
dine with excess of acetic acid and fused sodium acetate for about 
2 hours. The product was washed with acetic acid and crystallised 
from alcohol as glistening plates, m.p. 187®. (Found: N, 10*4. 
ChjH^ 402 N 2 requires, N, 10*6 per cent.). 

o-Dihydroxybenzidincbi8azo-/3-naphthoL — A solution of o-dihydro- 
xybenzidine was tetrazotised and coupled witli an alkaline solution 
of / 3 -naphthoI, after keeping overnight the precipitated sodium salt 
was filtered and dried. It is a violet pow^der soluble in water and 
dyes cotton and wool to a junk shade. (Found: Na, 13*02. 
C 32 H 2 o 04 N 4 Na 2 requires Na, 13*26 percent.). 

It crystallised from alcohol as a reddish brown microcrys- 
talline powder, m.p. 160®. (Foumd: N, 10*4 , C 32 H 22 O 4 N 4 requires 
N, 10*8 per cent.). 

o-Dihydroxybenzidinebisazo-^ naphthol aulphonic acid (2:6). — 
Tetrazotised o-dihydroxybenzidine was coupled with a faintly alkaline 
solution of iS-naphthol sulphonie acid. The reddish brown powder ob- 
tained on acidification, decomposes above 260® and dyes cotton and 
silk a pinkish shade. (Found : N* 8T2. C32H220ioN4Sfi requires N, 
8*26 per cent.). 
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o^Dihydroxybenaidinebitano-fi-naphi'hylamine. — Tetrazotised o-diby* 
droxybenzidine was coupled with a solution of j3-naphtfaylamine in 
aoetio acid and the dye was precipitated with sodium luietate as an 
oraige powder melting above 250°. It gives a deep orange solution in 
acetic acid. (Found: N, 16'12. 082 H 2604 Ne requires N, 16 ‘96 

per cent.). 

o-Dihydroxybenzidinehisazodimethylaniline was prepared by coup- 
ling tetrazotised dihy droxybenzidine with dimethylaniline in glacial 
acetic acid. It was purified from alcohol, m.p. above 250°. (Found: 
N, 19’81. C28H3202N(; requires N, 20'0 per cent ). 

m- Azobenzyl alcohol. — A solution of m-nitrobenzaldehyde (10 g.) 
in alcohol (30 c.c.) was reduced at about 90° using zinc dust (18 g.) 
and a solution of caustic soda (14 g. in water 40 c.c). In about 40 
minutes the solution attained a very deep red colour, when the 
reduction was stopped and the alcohol distilled off. On cooling m-azo- 
benzyl alcohol crystallised out. It recrystallised from hot water 
in orange yellow needles, m. p. 117°. It is freely soluble in alcohol 
and acetone and insoluble in benzene and ether. (Found: N, 11’44. 
Oi 4 Hi 402 N 2 requires N, 11'67 per cent.). 

The diacetyl derivative crystallised from acetone as a yollow 
microcrystalline powder. (Found : N, 7‘2. O 28 H 22 O 4 N 2 requires N, 
7*05 per cent.) 

m-Hydrazobenzyl alcohol. — m-Nitrobenzaldehyde was reduced as 
in the previous case until colourless. The hydrazo compound 
crystallised from pyridine, as a yellow microcrystalline powder, m. p. 
268°, yield 76 p. c. It is sparingly soluble in alcohol but easily dis- 
solves in sodium carbonate and caustic soda solutions. (Found : N, 
11*4. O 14 H 16 O 2 N 2 requires N, 11*51 per cent.). 

The diacetyl derivative crystallised from alcohol as yellow micro- 
crystalline powder decomposing above 220°. (Found : N, 8*84. 
C 18 H 20 O 4 N 2 requires N, 8*56 per cent.). 

The dibenzoyl derivative crystallised from chloroform as a 
crystalline yellow solid. (Found: N, 6*79. C 28 O 24 O 4 N 2 requires 

N, 6*98 per cent.). 

m~Dihydroxymethylbenzidine.—Tbe reduced alkaline solution 
of above eontaioing the hydrazobenzyl alcohol was freed from zinc 
and boiled with excess of concentrated hydrochloric acid for about 
20 minutes; after 3 or 4 hours the solution was filtered and aeidiralie- 
ed by the gradual addition of sodium hydroxide solution, when the 
m-dihydroxymethylbenzidine separated as a pale yellow precipitate. 
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The base was reorystallised from acetone as a white powder, m. p. 
1T7^, yield 28 p. o. It is easily soluble in dilute acids and dilute 
caustic soda solution. (Found; N, 11*8. requires N, 

11*61 per cent.). * 

• Tetrabenzoyl derivative crystallised from alcohol as micro- 
crystalline powder, m. p. 233°. (Found : N, 3*13, 04»H3jOeN5i 
requires N, 8'28 per cent.). 

Teiracetyl derivative, prepared by the usual method crystallised 
from alcohol as brown microcrystalline plate melting above 250°. 
(Found: N, 6*83. requires N, 6*9 per cent.). 

, Dibrom o derivative, prepared by adding bromine water to a solution 
of m-dihydrozymetbylbenzidine in dilute hydrochloric acid, crystallised 
from alcohol as a deep brownish red microcrystalline powder melting 
above 270°. (Found: Br, 41*5. Ci4Hj40gN2Br2 require^ Br, 41*8 
per cent.). 

m-Dihydroxymethylbcnzidinebisazo-^-naphthol. — m-Dihydroxyme- 
thylbezidine (2 g.) was tetrazotised and coupled with an alkaline solu- 
tion of ^-naphthol (2*95 g.). The azo-dye was purified from alcohol as 
a deep orange powder. It dyes silk a deep red shade from acetic acid 
bath. (Found : N, 10*4. C34H26O4N4 requires N, 10*1 per cent.). 

m-Dihydroxym.eihylbcnzidinebi»azo-P~naphthol sulphonic acid (2 :6) 
was prepared from tetrazotised m-dihydroxymethylbenzidine and 
^•naphthol sulpbonic acid in the usual manner. It is a reddish brovra 
powder which decomposes on heating. The aqueous solution dyes 
cotton and silk a deep red shade. (Found : N, 7*8. C34H24O4N483 
requires N, 7*7 per cent.). 

m-Dihydroxymethylbenzidinebisazo-^-naphthijlaniine was pre- 
pared from m-dihydroxymethylbenzidine and purified from alcohol 
as an orange red powder, m. p. 120°. (Found: N, 14*1. C34Hg802N6 
requires N, 14*4 per cent.). 

m-Dihydroxymethylbenzidinebisazodimethylaniline, prepared from 
m-dihydroxymethylbenzidine and dimethylaniline, crystallised from 
alcohol as an orange microcrystalline powder, m. p. above 250°. 
It dissolves in acetic acid to a deep purple solution from which it 
dyes Bilk to a light orange shade. (Found: N, 16*67. CsoHsgOjNe 
requires N, 16*5 per cent.). 

o-Hydrazobenzyl alcohol . — ^The method adopted was the same as 
that in the case of m-hydrazobenzyl alcohol using o-nitrobenzaldehyde 
instead. The hydrazo stage was reached after 8 hours and the 
hydrazobeazyl alcohol oi^stallised from pyridine as a white micmerys- 
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talline powder, m. p. 200°, yield 70 p.c. It is easily soluble ia 
sodium carbonate and sodium hydroxide solutions but is almost 
insoluble in alcohol or acetone. On boiling it with concentrated 
hydrochloric acid it is converted after about 10 minutes to o-dihydroxy- 
methylbenzidine. (Found: N, 11'4. Ci 4 H|c 02 N 2 requires N, 11'6 
per cent.). 

Diacetyl derivative crystallised from hot glacial acetic acid as soft 
needles, m.p. above 250°. (Found: N, 8-5. Oi 8 H 2 o 04 N 2 requires 
N, 8 -51' per cent.). 

Dibenzoyl derivative crystallised from alcohol as a pale brown 
microcrystalline powder, m.p. 107°. (Found: N, 6 - 86 . C28H24^4^2 
requires N, 6-93 percent.). 

o-Dihydroxymethylbenzidine . — The procedure adopted was the same 
as in the case of the preparation of tn-dihydroxymethylbenzidine but 
starting with o-nitrobenzaldehyde instead. It crystallised from acetone 
as a red microcrystalline powder, m.p. 185"^, yield 40 p. c. It is 
soluble in alcohol, dilute acids and dilute caustic soda solution. 
(Found: N, 11*65. C 14 H 16 O 2 N 2 requires N, 11*5 percent.). 

Tetrabenzoyl derivative crystallised from alcohol as a microcrys- 
talline powder, m.p. above 250®, It is sparingly soluble in 
chloroform and insoluble in benzene. (Found: N, 3-1. C 42 H 32 OCN 2 
requires N, 3*23 per cent.)* 

Tetracctyl derivative crystallised from alcohol as a brown micro- 
crystalline powder, m.p. above 250®. (Found: N, 6 * 88 . C 22 H 24 OGN 2 
requires N 6*9 per cent.). 

Dibromo derivative prepared by adding bromine water to a 
solution of the base in dilute hydrochloric acid crystallised from 
alcohol as a brown microcrystalline powder, m.p. above 250®. 
(Found: Br, 41*6. C| 4 Hi 402 N 2 Br 2 requires Br, 41*8 per cent.), 

o-Dihydroxymethylbenzidinebisazo-lS-naphthol was prepared in a 
manner analogous to that of m-dihydroxymethylbenzidinebisazo-zS- 
naphthol. It recrystallised from alcohol as a violet powder, m.p. 
above 250®. It dyes silk to a bluish violet shade from an acetic acid 
bath. (Found: N, 10*3. C 34 H 26 O 4 N 4 requires N, 10*1 per cent.). 

o-Dihydroxymethylbenzidinebisazo-^-naphthol aulphonic acid, — It 
was prepared similarly as dihydroxymethylbenzidinebisazo-iS-naph- 
thol sulphonic acid ( 2 : 6 ) but starting from o-dihydroxymethylbenzi- 
dine. It is a brownish red powder dissolving in water to a red solution 
from which it dyes cotton and silk to a red shade. (Found : N, 
.7 -83. C 34 H|j 54 P 4 N 4 S 2 requires N 7*7 per cent.), 
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o-Dikydroxymethylbenzidinehisazo-^-naphthylamine, prepared from 
o-dibydroxymethylbenzidine (15 g.) and ,fl-naphthylamine (2-2 g.) in 
the usual manner, crystallised from alcohol as a red microcrystlline 
powder, m.p, above 250®. It dissolves in glacial acetic acid to 
reddish orange solution. It dyes silk a reddish orange shade from an 
acetic acid bath. (Found: N, 16*20. CsQH^gO^Nfj requires N, 16*5 
per cent.). 

O'DikydroxymethylbenzidinehiBazodimcthylanilne was prepared 
from tetrazotised o-dih 3 'droxymethylben 2 idine by coupling with an 
ice-cold solution of dimeihylaniline and subsequent treatment with 
alkali. The compound was purified from alcohol as a dark coloured • 
powder, m.p. above 25C. It dyes silk to a violet shade from an acid 
bath. (Found: N, 14*26. I’equires N, 14*4 per cent.). 


Received June 25, 1931. 


CqRMiCAi, Laboratory, 
PflKSiDENoy College 
Calcutta. 
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Composition of Kapok Seeds. 

By R. C. Malhotra. 

Eriodendron anfractoeum DC seeds were collected in September 
1923 and 1925 from Java, Sumatra and the Malaya State Settlements. 
These were stored in tin cans after drying and were properly sealed. 
Within three months ihese were pulverised. Their oils were extract- 
ed for 28 hours with petroleum ether in Soxhlet apparatus. Various 
values of the oils were quantitatively determined, in triplicate, by the 
same procedure as used by Griflfing and Alsberg {Ind. Eng. Chcni., 
1931, 28. 908). 

# 

The data obtained from the above stated analysis is being present- 
ed below, which seem to indicate, that a definite and uniform compo- 
sition of these seeds, as assumed by the above quoted authoi’s, is not 
a universal phenomena. There are many factors which may modify 
their composition. It not only depends on the time of collection of 
seeds, the manner of their storage, the age and variety of the parent 
plant and the character of the soil on which it is grown, but also on 
the geographical position where the plant may have been located. 
.Table shows the composition of the oils ex?racted from kapok seeds 
collected from various geographical positions. 



Griffin g A 
Alsberg. 

Obtained by ibe author. 



Java. 

Sumatra. 

Malaja States. 

Specific gravity at 25” 

0*9226 

0*9106 

0*9216 

0-9387 

Refractive index 

1*4691 

1*4691 

1*3810 

1-5081 

SponificatioD value 

191*6 

170*8 

179*2 

198-1 

Iodine number (Hanus) 

94*1 

96*3 

95*7 

91-3 

Acid value 

9*66 

Not 

determined 

Saturated acids (%) 

17*15 

18*90 

17*36 

19*60 

Unsaturated acids (%) 

76*32 

75-98 

76*66 

75*00 


This work was done while the author was in charge of the Biolo- 
gical ’Laboratories, Saint Marys, Kansas, U. S. A. 


Malsotra Strbit, 
Jamuc Tawi, Easbmib. 


Beeeited June 26, 1932. 




ReYiew. 


QaantitatiYe Chemisohe Analyse— by Dr. C. A. Bojatm, fifth, 
fully revised edition, with 13 figures; P.XIV + 283. Published by 
Theodor Steinkopff, Dresden and Leipzig, 1931. 

The present volume is a newly revised edition of Autenrienth’s 
Quantitative Chemical Analysis. The book deals with the methods 
for the gravimetric estimation of metals, acids (anions), as well as 
^with the important methofls of their separation from one anofher. 
Analysis of typical minerals and silicates has also been included. 
All the different methods of volumetric analysis, such as acidimetry, 
alkalimetry, oxidation-reduction, iodimetry, precipitation, etc., have 
as well been fully dealt with. Methods for the analysis of certain 
pharmaceutical preparations, as well as of important technical pro- 
ducts, like fats, oils, waxes, etc., have also been described. The 
chapter on water analysis deals fully with the subject though within 
a narrow compass. A short chapter is devoted on the analysis of 
phosphntio manures. The section on Colorimetry presents a special 
feature of the book, as it deals with most of the metals and impor- 
tant anions. The last chapter on electro-analysis furnishes all neces- 
sary informations on the subject, that might be required for every- 
day use in the laboratory. One, however, misses all informations 
about gas analysis, besides potentiometric and conductometric titra- 
tions. On the other hand, some of the older methods, which have 
been found to give unreliable results, have been retained without any 
justification. As an instance, mention can be made of the separa- 
tion of Fe from Ni and Co by the basic acetate method. The same 

holds good also for the separation of A1 from Ni and Zn. 

« 

Though all detailed theoretical considerations have been more or 
less avoided throughout the book, still, as a companion for daily use, 
it will bo welcome in all chemical and pharmaceutical laboratories. 


P. R. 




The Oxidation of Sulphur Dioxide in the Electrodelese 

Discharge. 

By Sampuran Das Mahant, 

f*riestley (“Experiments and observations on different kinds of 
air,’’ Birmingham. 1790, 2. 323) found that sulphur dioxide is 
decomposed by electric sparks. Buff and Hoffmann (Annalcn, 
I860, 113, 129) showed that sulphur and sulphur trio:flde are 
formed by the sparking of sulphur dioxide and that sulphur 
triozide is formed when a mixture of sulphur dioxide with half 
its volume of oxygen is exposed to the discharge. De Wilde 
(Bar., 1874, 7, 256) and Poliakoff {Mag. Chim. Cath. Kaierinoalav,, 
1 ^26, 2 7) obtained similar results with the silent electric dis- 
charge. Deville {Bull, 8oc. chim.. 1865, 53, 366) stated that a 
state of equilibrium is reached which prevents the completion 
of the reaction, but that if sulphur trioxide is removed as fast 
-as it is formed by absorption with concentrated sulphuric acid 
or water, the reaction may proceed to completion, Berthelot 
{Ann. chim. Phtjs., 1898, vii, U, 167, 289) said that some plati- 
num sulphide may be formed on the platinum electrodes. 
According to Poliakoff the oxidation of sulphur dioxide is 
more or less completely dependent on the concentration, pres- 
sure, etc. If oxygen alone is subjected to the action of the dis- 
charge, it w'ill unite with sulphur dioxide when removed from 
the influence of the discharge. Sulphur dioxide, is, however, not 
so act ivated. 

Henry and Wolf {J. Phya. Radium, 1929, 10, 81) believe that 
the emission spectrum of sulphur dioxide produced by an oscillating 
discharge is attributable to ^e production of sulphur monoxide,. 

The action of the .electrodeless discharge in producing chemical 
changes has been the subject of investigation in these laboratories 
Ohatnagar, Sharma and Mitra, J. Indian Chem, 8pc., 1928, 
3, 879 ; Mahant, ibid., 1929, 6, 705 ; Yajnik, Bfaarma and Bhatnagar, 
Z. Phy 9 . Chetn,, 1980, 118, 894) and the present pommupicptiOA 
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contains the results of a study of this source of excitation on the 
oxidation of sulphur dioxide. 

Experimental. 

The apparatus used in the present investigation is shown in the 
diagram. The aspirator A and the connecting tube upto stop-cock 
Bg and Sg were evacuated by connecting to the vacuum pump 
through the stop-cocks Sj, Sg, S 3 , and S^. Stop-cock Sg was then 
'closed and sulphur dioxide led into aspirator by opening the stop-cock 
Bg, till the required pressure was indicated by the manometer 'Mj. 
This was then closed and oxygen allowed to enter through the stop- 
cock Bg till the manometer indicated no vacuum. Stop-cock S 3 
was then closed and the gases allowed to diffuse into one another for 
2 hours. The ratio of the gases in the mixture was calculated 
from the partial pressures as recorded by means of the manometer. 



At the end of this interval, the discharge tube system was con- 
nected to the vacuum pump and evacuated. The mixture was then 
allowed to leak into the discharge tube through the stop-cock S 3 via 
the cocks S^, S 5 , and Sg (the tube to Sg and Sg having been dis- 
connected) while the discharge was allowed to pass for 5 hours. The 
rate of leakage of the gas into the system was regulated by means of 
the stop-cock S 3 . The mixture of gases was passed through a trap 
Tj (immersed in ice) and then through a bubbler B containing a 
strong solution of caustic soda as it emerged out of the discharge 
tube. The pressure, at which the discharge was allowed to passi 
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was 6-10 mm. aad the system was evacuated from time to time to 
maintdin this vacuum. 

After the exposure the stop-cock S3 was closed and S2 loosened 
to allow air to sweep the tubes. The discharge tube was disconnected 
and Weil washed wjth water. The bubbler B was also well washed 
and both the washings mixed. The sulphite and sulphate contents 
were estimated and from this the percentage of oxidised sulphur 
dioxide was calculated. 

The apparatus for the production of the electrodeless discharge 
has already been described (cf. Bhatoagar, Sbrivastava, MathiA* 
an# Sharma, Phil, Mag., 1928 , 52 , 1226 ). 

Preliminary investigations showed that only sulphate and 
sulphite were present in solution after exposure. No thionates 
could be detected except possibly in the case of pure * sulphur 
dioxide when a yellowish precipitate was obtained with Hg(N03)2 
but no precipitate was obtained with HgClg or AgN03 
decolorisation could be noticed with KMn04. Free sulphur in a 
state of fine division was found to be sticking to the sides of the dis- 
charge tube when pure sulphur dioxide was subjected to the 
influence of the discharge and a drop of mercury in the discharge 
tube acquired a black coating of HgS. When the discharge was 
passed through a mixture of SO2 and oxygen, a drop of mercury in 
the discharge tube formed a white coating which gave tests showing 
that a sulphate of mercury had formed. 

Effect of the discharge on viixtures of different composi- 
tions , — Mixtures of different compositions were made by varying the 
ratio of the gases mixed in the aspirator and the effect of the 
discharge on these was studied. The results are given Table I. 


Table I. 


Composition (SOg : O 2 I 

... 60 : 60 

60 : 40 

70 : 30 

0 

0 

00 

100; 0 

SO 2 oxidised {% ) 

... -fie-e 

f 29*55 

23*37 

19*86 

6*26 


^35 79 

22*94 

17 *(18 

3*68 



(40*23 

26*69 

19*28 

8*94 


Influence of change of frequency on the percentage of sulphur 
dioxide oxidised, --The frequency of the oscillations from the secondary 
♦of the Tesla coil can be varied by varying the capacity in the 
circuit. To study the effect of change of frequency » the capacity in 
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the circuit wag varied in the following way : In the first two experi- 
ments, two and four plates of the condenser were connected and in 
the last two experiments two and four plates from a similar condenser 
were connected in parallel with the 4 plates of the first condenser. 
A mixture of 60% SO^ and 40% oxvg n was used in this investiga- 
tion. The results are given in Table II. 

Tablk II. 

No. of plates 2 4 6 8 

Approx, capacity 

(microfarads) 22*4 67*2 89*6 134*4 

SOj oxidised (% ) 33*23 35 79 37*02 34 08 

Ihfiuenoe of mercury . — During the course of the investigation 
mercury leaked into the discharge lube in some experiments in 
which the Hg seal stop-cock had been accidentally left loose. It was 
noticed in these cases that the percentage of sulphur dioxide oxidised 
was much greater. Careful analysis showed that though part of this 
increase was due to the precipitation of mercurous chloride along 
with the barium sulphate in the estimation, some of it was really 
due to some sort of catalytic effect of mercury. A regular investi- 
gation of this was undertaken and mixture of different compositions 
exposed to the discharge in the presence o£ mercury. The results 
are given in Table III. 

Table III. 

Compoaition (SOj : O 2 ) ... 60 : 40 70 : 30 80 : 20 

BOa oxidised (%) ... 4 46*53 42*73 80*57 

161*11 88*18 36 82 

Spectrographic study. — To elucidate the mech nism of the re- 
action, a spectsal study of the discharge produced in the system was 
undertaken. The discharge tube employed for this purpose was 
the same as used for a study of oxygen in the electrodeless discharge 
and the arrangement of the apparatus altered to suit the require- 
ments. Spectra of the glow produced in pure sulphur dioxidci sul- 
phur dioxide in the presence of mercury, sulphur dioxide and oxygen 
as mixture, sulphur dioxide and oxygen in the presence of mercury, 
and of mercury in vacuum were taken on a Hilger E3 quartz 
spectrograph, Ilford special rapid panchromatic plates being used for 
photographing the spectra. 
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The mercury resonance line at 2636*7 A was not detected on the 
plates. 

Discussion. 

The results indicate that the maximum amount of sulphur dioxide 
is oxidised when the mixture has a composition of 6t)% sulphur 
dioxide and 40% oxygen. This m«ay be compared to the 66% sulphur 
dioxide and 33% oxygen mixture which Buff and Hoffmann <loc. cit.) 
found was slowly converted into sulphur trioxide when subjected to 
thg spark discharge. Coehen and Becker {Z. Phys. Chcm., 1919, *f0, 
88) showed that on illumination by ultraviolet light the reaction 
2 SOjj-f 02^==^2 SO;j is in cquibbriuin when about 100% of the 
sulphur trioxide has been formed, whereas in the light of a mercury 
•lamp the equilibrium is reached when about 65% of the sulphur 
trioxide has been formed. They also showed that the equilibrium 
constant is independent of the proportions of sulphur dioxide and 
oxygen in the mixture and of the temperature. 

The results on the influence of change of frequency do not show 
much change in the percentage of sulphur dioxide oxidised, the vari- 
ations in the results being within the limits of experimental error. 
This is in agreement with the results of Hunt and Schumb (J. Auicr. 
Chem. Soc., 1930. 52, 3152) on the effect of the electrodeless dis- 
charge on carbon dioxide. These authors did not find any appreciable 
variation in the percentage of decomposition when the wave length of 
the discharge was changed from 51 to 34 metros. 

Aqueous solutions of sulphur dioxide are known to be slowly oxi- 
dised to sulphuric acid with the precipitation of sulphur. Thiosui- 
phuric and polythionic acids are also known to be formed in the 
course of the autoxidation. {cf Mellor, Treatise on Inorganic and 
Theoretical Chemistry/’ London, Vol.X, p. 207), The absence of these 
thiosulphates and polythionates in the products of the reaction due to 
the electrodeless discharge shows that the mechanism of the process 
is not akin to autoxidation. According to Coehen (Z. Elcctrochcm.f 
1907, 21 , 646 ) the photochemical decomposition of sulphur dioxide 
furnishes sulphur and oxygen, the latter being largely used up to form 
sulphur trioxide. BUll {Trans. Faraday Soc,, 19i:4, 20 , 107) believes 
that the primary process involves either a dissociation of the sulphur 
dioxide molecule into atomic sulphur and molecular oxygen or simply 
an activation of the sulphur dioxide molecule so that the final result 
in either case is 8 SO2 2 SO3 + S. 
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As already stated. Poliakoff Hoc. cit ) has shown that if oxygen 
alone is subjected to the inSuence of the silent electric discharge, it 
will unite with sulphur dioxide even when removed from the inQuence 
of the discharge. Sulphur dioxide is however not so activated. 

The general similarity of the spectra of the glow of sulphur dioxide 
and of mixtures of sulphur dioxide and oxygen shows that pure 
sulphur dioxide is first decomposed into oxygen and sulphur when 
subjected to the electrodeless discharge. The activated oxygen then 
combines with sulphur dioxide to give sulphur trioxide. In the case of 
mixtures of sulphur dioxide and oxygen, the oxygen alone is activated 
and combines with sulphur dioxide. It cannot be definitely said at 
present if the activation of oxygen is due to the formation of ozone or 
due to an activation of the molecule of oxygen as such. According 
to Hunt Mnd Schumb {loc. cit.) there is no change of pressure when 
oxygen is exposed to the electrodeless discharge and hence no ozone 
is formed. This aspect of the question is under investigation and 
will be discussed in a separate communication. 

The exact role of mercury in increasing the percentage of sulphur 
dioxide is also being investigated. 

The thanks of the author are due to Prof. S. S. Bhatnagar, 
D.Sc., F. Inst. P., Director of the University Chemical Labora- 
tories for his interest and guidance during the course of this 
investigation. 

Univebsitt Cheuicai, Labobatobibs. 

Ukivebsi'iy op the Panjab, 

Lahobk. Received July 22 , 1932 . 



Dyes Derived from Acenaphthenequinone. Part III. 
Azines and Indigoid \^at Dyes. 

By SisiR Kumar Guha. 

This communication, which is an extension of the work of Sircar 
and Guha (J. Chcni. 8oc.^ 1924, 125i 335) and Guha 1931, 

682), embodies the preparation of acenaphihaphenazines containing 

yO 

the ohromophoric group, -N ^ in the '*benzo*'-ring of the mdfe- 

# NiQ 

cule and a study of their properties. The azines obtained are 
9-nilro-, 3-chloro'9-nitro-, 3-bromo-9 nitro-, and 3 :4 :9-triDitroace- 
naphthaphenazines. All these coloured bodies are characUtrised by 
their very sparing solubility in alcohol. Although very stable 
they volatilise without decomposition when heated strongly above 
their melting points yielding coloured vapours of the respective 
substances which deposit again as pure dyes. The first three com* 
pounds dye wool a shade of lemon-yellow and Ihe last named pro- 
duces a deep yellow shade from an acid bath when freshly precipi- 
tated by water from strong sulphuric acid solution. 

9-AmiDoacenaphthapbenaziDe has also been obtained from the 
corresponding nitro compound by reduction (c/. Heckendorn, 
Helv, Chhn, Acta, 1929, 12, 50). The identity of the compound 
was established by the prepar.^tion of the same aminoazine from 
acenaphthenequinone and reduced chrysoidine (r/. Wilt, J, Cheni, 
Soc., 1886, 49> 401). It dyes wool in bright yellow shades from an 
acid bath which is fast to alkali and acid but not to light. 

The following table shows that the dyeing shades of some of the 
azines mentioned are in no way inferior to those of the correspond- 
ing phenanthraquinone derivatives (Heim, Bcr.y 1888, 21, 2306;Witt. 
loc. cii.). 

Compound. Dyeing shade on wool. 

9-Nitraaceoaphthapheaaeine Lemon yellow 

Kitrophenantbraphenazioe ,, 

9-Aminoacenapbtbsphenazine Bright ,, 

AmiDopbeDanthrapbenazine ,, ,, 

Finally, three derivatives of 2-thionaphtheDeacenaphthylene- 
indigo, commercially known as Ciba scarlet G (Hezdzik and Friedlan- 
der, Monaieh,, 1908 29, 806; Grob, Bor., 1908, 41, 3831; E. P,* 
84408; A. P. 891690 containing Cl, Br and respectively in the 
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acenaphthene part of the molecule, have been prepared^. 
These substances bear resemblance to azines exhibiting their dis- 
tinctive sulphuric acid reaction. Further, they behave similarly to 
nitroazines [loc, cit.), when heated above their melting points. Alka- 
line hydrosulphite forms a coloured vat with each of these compounds 
from which the dye can be reprecipitated by treatment with air. The 
dyed shades are quite even and fast. These dyes were also found 
quite suitable for dyeing on wool from an acid bath when freshly 
precipitated unchanged from strong sulphuric acid solution by water. 

^ A comparison of the scarlet red shade obtained from the chloro- 
and bromoindigoid derivatives on cotton as w’ell as on wool wiih 
that of the same shade of Ciba scarlet G (prepared for the purpose) 
on same medium, exhibits that notwi' hstandiog the decisive redder 
shades of ^ihe former two compounds, brilliancy and glazy pleasant- 
ness are prominent in the shade of the latter, the mother compound. 
Work in this line is in progress. 


Experimental. 

9-Nit roacenaphihaphenazine 

X N ,, 

S 


•< >- 


N ^ 


The crystalline yellow precipitatate, produced by bringing to- 
gether acenaphthenequinone (0*72 g.) and 4-nitro-o-phenylenediameio 
(0*61 g.) in 50 c, o. of boiling glacial acetic acid, after being purified 
by boiling successively with a small quantity of alcohol and acble, 
acid in which the condensation product was only sparingly solution 
separated from pyridine in beautiful lemon yellow prisms or from 
aniline in thin square plates, m.p. above 310®, It is soluble in 
aniline or pyridine, sparingly soluble in chloroform, benzene, or amyl 
alcohol' and insoluble" in caustic alkalis, ammonia or ether. It 
dissolves in strong sulphuric acid with a reddish brown colour and 
when reprecipitated by water dyes wool in lemon-yellow shades from 
an acid bath. (Found: N, 13*99. CJ 8 H 9 O 2 N 3 requires N, 14*04 
per cent.). 


* Id German patent 282170 halogenated deri^ativea of Ciba scarlet G, obtained 
condensing thioindozyl with halogen derivatives of acenaphthenequinone have; 
been deacrihed. Bditor, 



BYBS Derived from acenaphtsbnbquinonb 42^ 

B-OhU>TO-9-niiroacenaphthaph0nazine separated in l^non-yellow 
oluatera of needles during heating d>chloroacenaphtheneqninone 
(0*48 g.) and 4-nitro-o-pbenyIenediainine (0*81 g.) in 40 o.c. of boiHng 
glacial acetic acid for 15 minutes. It was first boiled with alo<^I and 
then for sometime with a little acetic acid. The residue recrystallis- 
ed from acetic in lemon-yellow needles, m.p. 287” (shrinkiag 
previously at 284”). It is soluble in benzene, chloroform, soetie 
acid, pyridine or amyl alcohol, sparingly soluble in alcohol or acetone. 
The substance gives a deep reddish brown solution with concentrated 
sulphuric acid and dyes wool in lemon-yellow shades from an acid 
bath. (Found; Cl, 10*26. Ci8Hg02N3Cl requires Cl, 10*64 per 
cent.). 

B-Bromo-9-nHroacenaphthaphenazine was similarly obtained in 
rectangular crystalline precipitate from 3-bromoaoen^>hthen^uinone 
(0*52 g.) and the diamine (0*31 g.) in 53 c.c. of boiling glacial acetic 
acid and crystallised from pyridine in fine lemon-yellow needles, m.p. 
206”. It is similar in appearance and in solubility to the preceding 
compound and dlyes wool in lemon-yellow shades from an add bath. 
(Found: Br, 21*39. Ci^HgOgNsBr requires Br, 21*16 per cent.). 

3*:4 :9-Trinitroacenaphthaphenazinc.—A solution of 4-nitn>- 
o-phenylenediamine (0*81 g.) in hot glacial acetic acid (16 c.c.) was 
added to the solution of powdered 8.*4 dinitroaoenapbthenequincaie 
(0*54 g.) in 70 c.c. of boiling glacial acetic acid and the mixture kept 
boiling for 20 minutes. The resulting yellowish brown liquid when 
cooled, separated the condensation product in deep yellow rectangu- 
lar plates which after being purified by boiling with alcohol reoiys* 
tallised from moderately strong acetic acid. The azine melts at 
800-1”, and gives a light yellow solution in concentrated sulpliuric 
acid and dyes wool in deep yellow shades from an acid bath. It is 
soluble in benzene, chloroform, acetone, acetic acid, pyridine or 
aniline, sparingly soluble in alcohol, ligroin or amyl alcohol. (Found : 
N, 18*12. CigH^OgNs requires N, 17*99 per cent.). 

9-Aminoacenaphthaphenazme. — (i) 9-Nitroacenaphthaphenazine . 
(1 g.) suspended in absolute alcohol (60 c.c.) was reduced by stannous 
chloride (4 g.) and concentrated hydrochloric acid (6 c.c.). The 
mixture was boiled on the water-bath with occasional shaking. It 
first turned pink-red and then to dark magenta-red and finally vi<fiet 
coloured precipitate of the hydrochloride of the bass separated in 
,14 — 1^ kours.' Water (180 0.0.) was added to the reaction mixture 
and the whole warmed, filtered, and the alophol distilled ■ off. The 

2 
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dark magenta-red solution on treatment with strong ammonia slowly 
separated the aminoazine in deep yellow flakes. This was collected 
and further purified by dissolving in a little cold dilute hydrochloric 
acid {2N approx.) and excess of cold water and liberating the base 
again by the addition of ammonia. It was finally crystallised from 
xylene or in better yield from aniline in silky rectangular prisms. 
The crystals were thoroughly washed with cold dilute acetic acid 
(2N approx.) and boiling water. It does not melt below 310®. 
Concentrated sulphuric acid dissolves it with an orange-red coloration 
And it dyes wool in bright yellow shades from an acid bath. It is 
readily soluble in chloroform, acetone, alcohol, amyl alcohol, pyriSine 
or aniline, moderately soluble in benzene or ether. It dissolves in 
cold glacial acetic acid yielding reddish brown solution from which 
the base can be reprecipitatod by the addition of alkalis. It is 
insoluble in cold dilute acetic acid. (Found : N, 1 CisHi 

requires N, 16*61 per cent.). 

(ii) Second viethod , — Powdered chrysoidine hydrochloride (1*8 g.), 
dissolved in hot glacial acetic acid (66 c.c.) was reduced by gradually 
adding zinc dust (9 — 10 g.). The colourless filtered solution was 
added to the solution of acenaphthenequinone (I g.) in 55 c.c. of 
glacial acetic acid and the mixture boiled for 2 — 3 minutes. On 
adding powdered anhydrous sodium carbonate to the cooled deep 
brown solution and stirring, a pasty mass was obtained. This was 
treated with water (250 c.c,) and the separated brown amorphous 
pre<^ipitate filtered, and washed with hot water. It was purified in 
the same way as in the first method and found to be identical with 
the preceding aminoazine. (Found: N, 15*30. requires 

N, 15*61 per cent.). 

2-Thionaphthcne-S' (tV chlor<t) <t(:(?n(tphihijlenc4n<}i(jo. 
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S^Cbloroacenaphthenequinone (0*64 g^) in boiling glacial acetic acid 
(26 c;c.) was treated with concentrated hydrochloric acid (I c.c.) and 
to this mixture a solution of 3-hydroxy thionaphthene (0*46 g.) 
in *^ 26 c.c. of hot glacial acetic acid added. The mixture was 
bemted on the water- bath at 80-86® for 10 minuted when deep scarlet 
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red needle shaped crystals separated. These were filtered, washed 
with acetic acid and hot water. For further purification it was sue 
cessively boiled with a little alcohol and acetic acid and finally crys- 
tallised from acetic acid, pyridine or amyl alcohol in scarlet red need- 
les, m. p. 280®. It is soluble in benzene, chloroform, xylene, pyri- 
dine, aniline, amyl alcohol or acetic acid and sparingly soluble in ace- 
tone, alcohol or ligroin. Strong sulphuric acid dissolves it with a 
deep green solution from which water reprecipitates the original 
substance which dyes wool from an acid bath in scarlet red shade. 
With alkaline hydrosulphite it gives a bluish violet vat by whiclf 
cotfon is coloured scarlet red when exposed to atmospheric oxygen. 
(Found; Cl, 10'i54. C 2 Hj^OgClS requires Cl, 10 18 per cent,). 

2-Thionii phthenc {i^'‘bromo)- acenaphthylene -indigo was pre- 
pared from 3-bromoacenaphthenequinone (0*52 g,) and S-liydroxy- 
thionaphthene (0*3 g.) in the same way and possesses properties 
similar to the preceding compound, m. p. 287®. (Found : Br, 
20*21. C.2oH;)02BrS requirres Br, 20*35 per cent.). 

2-Thionaphthcne- &{iV :4^-(linitro)- acenaphthylene-indigo. ~ The 
solutigns of 3 :4-dinitroucenaphthenequinone (0*27 g). in 50 c.c. of 
glacial acetic acid and 3-hydroxythionaphthene (0*15 g.) in 80 c.c. 
of glacial acetic acid were made free from dissolved air by passing 
dry carbon dioxide for 5 minutes and mixed together and 6 c.c. of 
concentrated hydrochloric acid added. The mixture was boiled for 
5-0 minutes by which time dark red crystalline precipitate separated. 
This was filtered at once, washed first with acetic acid and then with 
hot water. After being boiled with alcohol it was crystallised from 
pyridine in hexagonal prisms, not melting below 300°. It is so- 
luble in pyridine or xylene, moderately soluble in chloroform or ben- 
zene and sparingly soluble in alcohol, amyl alcohol, or acetic acid. 
It dissolves in strong sulphuric acid giving a blackish brown solu- 
tion and dyes wool in dark red shades from an acid bath. The vat 
formed by the action of the alkaline hydrosulphite on this dye is 
yellow-brown and on exposure to air the dark red colouring matter 
is regenerated on cotton fibre, (Found : N, 6*75. C 2 oHgO^;N 2 S 
requires N, 6*93 per cent.). 

1 avail myself of this opportunity to express my thanks to Dr. 
K.S. Caldwell, Principal, Science College, for his interest during the 
progress of the work. 
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Actinodaphnine. An Alkaloid from Actinodaphne 
Hookeri, Meissn. 

I3y S. KnisHNA aku T. P, Guosb. 

Actinodaphne, vern., Pisi (Bomb.) “ belongs to a genus of tries 
o/bushes (N. O. Laurineac) comprising of about 50 species of which 
9 or 10 are Indian, inhabiting the warm, moist forests of the lower 
hills. It is found common in eastern and western Ghats of 8. India 
. and in Kanara and particularly in Mahableshwar. A cofd infusion 
of the leaves is mucilaginous and is used in urinary disorders and in 
diabetes” (Dymoch). Allied to Actinodaphne are the Lit$ea 
species and the best known of which is Liitea aebifera, vem., Maida 
lakri (Hind.). It is a very popular Indian diug and frem its bark an 
alkajoid has been isolated which is identical with laurotetanine, an 
alkaloid, isolated by N. Qreshoff from three species of Java LiUcaa 
{Ber., 1890, 23, 3537). This is also said to be present in several 
other plants belonging to the N. O. Laurineae. 

The present work was undertaken to find if laurotetanine was 
the principal active constituent of Actinodaphne hookeri, which is 
reputed in Ayurvedic system of medicine to be efiicacious in diabetic 
diseases. And for this purpose the bark of the tree was extracted in 
the usual manner which yielded about 0*7 per cent, of an alkaloid 
and the pure product from this was obtained on repeated crystallisa- 
tion* from suitable solvents, as it was only in this manner that the 
last traces of the colouring matter were possible to remove. The 
alkaloid crystallises in stout prisms, m.p. 210—11*’. The analytical 
data, molecular weight, equivalent weight, etc., all tend to indicate 
for the alkaloid the formula C]gH|g 04 N and a molecular weight of 
313. It haa been found ^ to contain a hydroxyl, a methoxyl 
and a N-methyl group. Possibilities of a second, hydroxyl and 
methoxyl group have also been explored but with negative results. 
The alkaloid gives no oxime or a phenylhydrazone and therefOTe, the 
abeenoe ofan aldehydic or oufconyl grouping is strongly suspected. 
From these it ^>peart that the alkaloid from Actinodaphne hookeri 
bark ie quite diflerait from lamrotetaaine which contains three 
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methoxyl and one hydroxyl group. It is, therefore, proposed to 
designate this alkaloid as Actinodaphnine. 

There appears to be a certain similarity between actinodaphnine 
and bebeerine, an alkaloid found in the bark of Nectajidra rodiaci and 
Herandia Bonora (N. 0. Laurineae), Bebeerine crystallises from 
methyl alcohol in small prisms, m.p. 214''. It is soluble in alkalis. 
It has a formula of CigH 2 i 03 N; it is a tertiary base containing one 
methoxyl, one hydroxyl and one N-methyl group, but in the 
physical data of its salts it is quite different to those of actino- 
dapbnine (Scholtz, Aroh. Pharm., 1898, 236 , 630). 

The leaves of Aciinodaphne hookeri were also examined and a 
dark brown amorphous base was isolated but the quantity was too 
small for proper identification. The alkaloid forms amorphous salts 
and has been found to possess an acid equivalent of 487. The salts 
of actinodaphnine, on the other hand, are all easily crystallisable and 
from this it appears that the leaves contain a different alkaloid from 
that contained in the bark of the tree. 


Experimental. 

Extraction of the alkaloid from the bark , — Various methods were 
tried for extraction of the alkaloid with a view to getting the best 
yield and the one finally adopted is as follows : 500 G. of the finely 
powdered bark (containing 9 p. c. moisture) was mixed with 
sodium carbonate (200 g.), triturated with a little water (100 g.) and 
extracted with 90 p. c. alcohol by cold percolation till the alcohol 
was colourless. The alcohol from the extract was completely 
removed by distillation under reduced pressure and the residue 
extracted several times with 8 p. c. acetic acid. The colouring 
matter from the extract was removed by precipitation with lead 
acetate and after removal of the excess of lead acetate and 
sulphuretted hydrogen in the usual manner, the alkaloid was 
precipitated with ammonia. If at this sUigb the acid liquors are 
still coloured^ the same can be removed by treatment with animal 
charcoal. The precipitated base was extracted with excess of ether 
which dissolved the base but very little of the colouring matter. The 
ethereal extract on drying over anhydrous magnesium sulphate, was 
distilled to remove the solvent when the alkaloid was left behind as 
a wrhite crystalline powder in a yield of about 0’7 p» The 
usual chloroform*ether extraction gave only . 0*6 p« c. yield. This 
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procedure has an additional disadvantage in that the alkaloid could 
never be completely freed from the colouring matter when chloroform 
was employed for extraction. 

The crude alkaloid, obtained in the above manner, was crystallis- 
ed from acetone containing a little water and the crystals so formed 
were dried in air on a porous tile melting at 206—7°. 
These still retained some colouring matter which was possible 
to remove only on crystallisation from benzene, and on final 
crystallisation from absolute alcohol the alkaloid was obtained in 
prismatic needles, m.p. 210° — 11°. (Found: C, 08*8; H, 6’8; N, 
4^3; M. W., 310 (East). C|gH,904N requires C, 69*0; H, 6*1 ; 
N, 4*5 per cent.; M. W., 313). 

Actinodaphnine is dexlrorotaiory, ~ +32*77° in absolute 

alcohol. It does not contain any water of crystallisation as its 
weight and molting point remain unaltered on drying at 105° for 
several hours. It is almost insoluble in water but dissolves freely 
in alcohol, acetone, chloroform, and benzene and is sparingly soluble 
in ether. In most of the solvents it shows a pale blue fluorescence. 
On exposure to light it darknes. It dissolves in caustic alkalis from 
which it is recovered unchanged but it is insoluble in sodium carbo- 
nate, It dissolves in concentrated sulphuric acid with a beautiful 
pink colour which on standing deepens to purple and on warming to 
redddish brown or black. In cold concentrated sulphuric acid contain- 
ing traces of dichromate or nitric acid it develops a deep blue colour 
while with nitric acid alone it forms a det'p yellowish brown colour. 
Aqueous solution of its hydrocloride gives a reddish brown colora- 
tion with dilute ferric chloride solution. 

Actinodaphiiinc hydrochloride was obtained by dissolving the 
base in alcohol and adding alcoholic acid. On addition of ether to 
the above mixture and standing, the hydrochloride crystallised out 
in needles and these on twice recrystallisation from alcohol and 
ether gave fine silky needles, m. p. 200 — 81° with frothing and de- 
composition. (Found :HC1, 10*15. O4N, HCl requires HO, 

10*3 per cent.). It is on^y moderately soluble in cold water and its 
aqueous solution is dextrorotatory, = F8°— 45'. The hydro- 

chloride when prepared and crystallised from aqueous solution and 
dried in air melts at 260° and no water of crystallisation was found 
even when kept at 105° for a few hours. 

Hydroiodide was prepared by suq)endlttg the base In methyl 
aloohol and sodding hydroiodic acid, alio diik>lved in methyl alcohoh 
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till Jufit faintly acidic. On addition of ether to form opaleacenee and 
on standing stout prismatic needles separated which on reerystalliss' 
tion from alcohol melted at 264 — 65° with frothing and decomposi- 
tion. (Found: Hf, 29‘3. C|gHifl04N. HI requires HI, 29'0 per 
cent.). 

Sulphate. — The base was suspended in water and dilute sulphuric 
acid added till just acidic. The sulphate rapidly crystallised out 
in fine silky needles from the solution in which it is only moderately 
soluble. Becrystallisation from dilute alcohol gave colourless silky 
needles which turn yellow or brown on keeping in evacuated desic- 
cat(ur. The sulphate contains 3 molecules of water of crystal- 
lisation. The dried salt melts at 249— 60° (decomp.). [Found : H^SO^, 
13’7. (Cj 8H4904N)8. H2SO4 requires H2SO4, 18 '3 per cent.]. 

Picrale was prepared in the usual manner and on recrystallisa- 
tion from dilute alcohol separated in fine silky needles, containing 
one molecule of water of crystallisation. The dried salt decomposes 
at 220 — 22° without melting. 

Methiodide was ^obtained by refluxing on a water-bath a mixture 
of the base (2 g.) in methyl alcohol (60 c.o.) and methyl iodide (4 g.). 
On removal of the solvent the methiodide separated as brown silky 
needles and on reorystallisation from alcohol -ether mixture, melted 
at 248— 44°. (Found: CH3I, 31*4. C|gH|904N, CH3I requires 
CHgl, 31'2 per cent.). 

Methoxyl group was determined by Perkin’s modification of 
Zeisels method (/. Ckem. Soc., 1903, 88, 1367). (Found: OOH3. 
13'9. CtsH|904N requires OCH3, 9'9 per cent.). The results for 
methoxyl group were intermediate between the values calculated for 
one and two methoxyl group and is slightly less than that required 
lor one methoxyl and one N-methyl group and from this it appears 
that the alkaloid contains one OCH3 NCH3 group which 

purtially decomposes to give the higher values for OCHg. 

Hydroxyl group . — Actinodaphnine could, not be acetylated by 
direct treatment with acetyl chloride as in the case of laurotetanine 
(Filepe, Arch. Pharm., 1898, 286, 601). It was, therefore, acetylated 
by heating 2 g. of the base dissolved in excess of acetic anhydride 
on a water-bath at 70°— 75°. After about 3 hours heating the solu- 
tion was poured in water when the acetylated product precipitated 
as a white powder. This was colieoted, dried and recrystaliised 
from ethyl acetate as light Iwown tufts of i»isms. Dcied At 105° 
it oarited at 220—80°. (Foimd: C, 67*0 H, 5*6.* OjgHicOsN'OAc) 
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requires C, 67'6 ; H, 5’9 per cent.). The aoetylated product (dry) 
was hydrolysed with N/2 alcoholic potash, on a waterbaib for 1 hour. 
(Found: OAc, 156‘7. CjgHjgOsN’OAc requires, 157*7). 

Bennoylation was conducted in the usual manner by treating 
the base (2 g.) with benzoyl chloride (12 c.c.). The product when 
crystallised from alcohol and ethyl acetate, was obtaioed as light 
yellow plates, m.p. 232 — 33°. 


Summary. 

1. From the bark of Actinodaphnc hookeri a new alkaloid has 
been isolated which is different from the alkaloids, laurotetanine, 
bebeerine and buxine found in certain plants of the N. 0. Laurineae, 
Ihe new alkaloid has been designated as actinodaopbnine. 

2. The preliminary examination shows it to possess the formula 
CjgHjgOgN, Mol. wt. 313 and contain a methoxyl, a N-methyl and 
a hydroxyl group. 


Forhst RESEAncn Instithtc, 
Dehra Dcn, U. P. 


Rfreiveil August ID, 193'2. 




The Directive Effect of Substituents on the Cyclic ation 
of Substituted s-Diarylthiocarbaroides. Part I. 
The Effect of Fluoro, lodo, and Cyano Substituents 
on the Formation of Anilinobenzthiazole 
Derivatives from Mono-p-substituted 
Thiocarbanilides and Bromine. 

By Pobert Fergus Hunter. 

The object of the investigation of which this is Part I. is to study 
the effect of different substitu^ nts and hydrocarbon groupings on 
the thiazole cyclisation of a^diarylthiocarbamides by bromine and 
othe% reagents. 

Before einl)arking on a discussion of the effect of substituents on 
the cyclisation of thiocarbanilides by bromine, it is necessary to 
explain our view of the mechanism of the transformation. Since 
Lecher’s experiments on the oxidation of tetrasubstituted thio- 
carbamides to disulphide derivatives (Antialcu, 1925, 445 , 35) have 
invalidated all the classical arguments in favour of the formula 
NH 2 ‘C(SH) : NH for thiocarbamide, and the X-ray analysis of this 
compound (Hendricks, J. .4mcr. Chem. Soc., 1928, 50 , 245 )) indicates 
that it has the thioamicle structure, CS(NH 2 ) 2 ^ crystalline 

condition, it is evident that the salts of thiocarbamides (Dixon, 

r @n© 

J. Chem, Soc., 1917, 111, 318) should be written L{NHo) 2 C== SHJ X, 
and are clearly the reactive units in ibe well known oxidation experi- 
ments already referred to. 

It may therefore be assumed that a diarylthiocarbamide will 
normally be present in solution in an inert solvent such as chloro- 
form, in the thioamide phase (I). The first action of bromine would 
therefore be expected to result in the formation of a dibromide 
(II), in which bromine may subsequently migrate as ion to the 
nitrogen atoms, yielding the salt (HI), which can give rise 
to either of the tautomerides (IV) or (V) by incipient loosening of 
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hydrogen bromide (Hunter and Jouee. d. Chem. Soo., 1980, 
2190). 


Ar NH V 

Ar.\’H. ArNH. t 

>C = S-»- >c: = 8 l Jr., ->• Br SHr 

Ai' NH ' Ar' -NH^ ' + X 

Ar' 

(i) (II) (111) 


Ar-NH 

>’ SBr 

Ar' K 

Ar X . 

S 

>tVSBr 

Ar'Ml 


(IV) 


(V) 

Recombination of the eliminated 

hydrogen 

bromide with the 


uinidines (IV) end (V) will, however, result in the production of a 


common auimoniuui ion (VI) (BuHles and Pynian, •/. Chem. Sac., 
1923, 123, 302), in wbieb it may be assumed that the charge is 
located to Ihe extent of approximately a half positive charge on each 
nitrogen atom (compare Dyson, Hunter, Jones and Styles, J Indian 
Chem. Sof., 1931, 8, 147). 






ArNH-C- 


•NH Ar' 
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Elimination of bromine from the bromothiol grouping in this along 
with the ortho hydrogen atom of the aromatic nucleus on which ring 
formation takes place, then yields the hydrobromide, or hydroper- 
bromide, of the anilinobenzthiazole. 

The effect of a substituent R, on the direction of cyclisation of 
a substituted thiocarbanilide (VII), may therefore be assumed to 
depend on its relative effect on the reactivity of the hydrogen atoms 
attached to the nuclear carbon atoms which are ortho to the nitrogen 
atoms in the amidine ion (VIII). 




-I .( 


— .\H 


•C- 



(Vll) 


SBr 

(Vlll) 



DIRECTIVE KFFECT OF SUBSOT^^ 437 

.:„h,<^> nh<3>k ^ Cl 

llXj (X; 


It has previously boon shown that the bromioaiion of p*chloro- 
and /»-l)rotno-s diph.onj lthiocarbamides (VIJ, 11 = 01 and Br) gives 
rise to -r-substituted-l anilinobenzihiazoloB (IX) (Dyson, Hunter, 
and Soyka, J. ('hem. Soc., 1920, 158). As might therefore be 
anticipated, il has l)ei‘n found tliai ring formation occurs on tlie 
unsubstituted nucleus when p-//u(>/»>., and p-ioJi>-s*d/plu’n7//f/nocarbti' 
mide (VIJ, H = F and I) are treated with bromine* under the usual 
conditions, with the production of the corresponding 4'-$ub8iifuied-l- 

* anilinobenzihiazolfH (TX, Ji = F and I), whose formulae are 
established by their synthesis from 1-chlorobenzthiazole (X) and the 
corresponding p-halogcnoanilines. 

Particular interest attaches itself to the effect of the cyano 
group in view of the mcia directive property of triple linkages 
in aromatic substitution, which has been attributed (Baker, Cooper, 
and Ingold, J. Chem, Soc., 1 928, 420) to the tendenej^ of a system 
of six electrons which are mutually shared by two atomic nuclei, 

* to attract additional electrons in order to form a stable association 
of eight, or if possible, ten electrons. This can be represented 

symbolically in the case of hydrocyanic acid as. H — C s N, and 
provides an explanation for I he acidity of this compound and for the 
non-basicity of the nitriles. 

As might be anticipated from this, the eyano group in p rpano-s- 
diphenylthiocarhamide causes cyclisation to take place on the un- 
substituted nucleus on treatment with bromine, with the production 
of 4^-cyayto-l-a7iiIinobcmzih/az(flc (IX, B = CN). 

The fact that this group, and the stiongly mrfa directing niiro 
group (Hunter and Jones, loc. cit.) do not favour cyclisation on the 
nucleus opposite to that -Evolved in the case of ihiocarbanilides 
containing o-/?-directive substituents, is due to the fact that laefa- 
substitution is essentially a residual effect produced by the 
disappearance of free affinity from the o-p-positions in an aromatic 
nucleus (compare Ingold, Annual I^epnris of ihe Chem, Sue,, 
1926, 184). 
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Experimental. 

p-FluoroS'diphenylthiocarbamide. — A solution of p-fluoroaniline 
(0*7 c.c.) in absolute alcohol (6 c.c.) was added to phenylthiocarbi- 
mide (0*8 c.c., dissolved in 5 c.c. of the same solvent) and the 
mixture was heated for a short time and then concentrated on a 
water-bath. On recrystalli-ation from alcohol the thiocarbamide 
was obtained in glistening plates, rn.p. 175-76®. (Found: S, 13 0. 
Cj 3H I jN 2FS requires S, 13 0 pi v cent.). 

4^-Fluoro-Vanilinobemthiazolc (TX. R = F). (i) The action of 

bromine on p-fluoro-s-diphcnyUhiocarbantidc . — A suspension of the 
thiocarbamide (0 7 g.) in chloroform (8 c.c.) was tnated 

with bromine (0 9 c.c. in 1 c. c. of chioroform) and the mixture was 
befitted on a water-bath, under redux, for 3 minutes and then slightly 
concentrated. The hydropcrbroniide crystallised in yellow plates 
which were collected on porous earthenware, dried in a vacuum, and 
reduced in sulphurous acid suspension with sulphur dioxide in the 
usual way (Hunter, J. Chcni, Soc,, 1025, 127 2023). On basifica- 
tion with ammonia (d 0*880) and reerystallisaiion from alcchol. 
A^*fluoro-\^anUmobcnzihiazo}c was obtained in glistening needles, rn p. 
200-201®. (Found: S, 12*9. C | oHr)N2FS requires S, 13vl percent.), 
(ii) Synthcaia from 1-chlorohcnzthiazole and p- fiuoroanilwc . — A 
mixture of approximately equimolecular proportions of l-chloro- 
benzthiazole and 2)‘fluoroaniline was heated in a test- lube over a 
large luminous flame until a violent reaction took place (cuanpart 
Dyson, Hunter, and Soyka, loc.cii,). The product was hasifud 
with ammonia id 0*880) and recry stailised from alcohol when 
4'-fluoro-l-anilinobenzthiazoIe was obtained which had m. p. 
200-201® alone, and when mixed with the specimen obtained from 
p-fluorodiphenylthiocarbamide . 

p-Iodo-B-diphcnylihiocarbatn idc , prepared as in the case of the 
fluorine analogue, separated from alcohol in crystals, m.p 168®. 
‘Found: S, 9 1. Cj 3H1 1N2IS requires S, 9*0 per cent.). 

4^-Iodo-l-anilinobenzihiazolc (IX, R = I). (i j The action of brominr 
on pdodo’^-diphenylthiocarhamidc, — A suspension of the ioJodipbenj 1- 
thiocarbamidc (0*5 g.) in chloroform (5 c. c.) was treated with bromine 
< I c. c.) and the mixture was heated under reflux on a steam-bath 
for 10 minutes. The iodoanilinobcnzthiazolr obtained by rediictiun 
of the hydroperbromide with sulphurous acid and basifioation with 
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Mrnmouia, Boparated from alcohol-ethyl acetate ia long prisms, m. p, 
213®* (Found: S, 0*4. Ci^HoN.^IS requires S. 91 percent.). 

(ii) Synthesis from l-chlorobenzihiazolc and pdodoanilinv , — The 
black gum obtained by basifying the condensation product of 1-chloro- 
benzthiazole and /j-iodoaniline, was dissolved in alcohol and the 
solution was kept. Slightly impure 4'-iodo' I'anilinobenzthiazole 
separated after some time in the form of grey coloured prisms, which 
was identified by m , p, and mixed m. p. with the specimen 
already described. 

p^Cyafinaniliiit was conveniently prepared as follows: 28 p. 
of#finely powdered y nitroaniline w-ere made into a paste with 80c.c. 
of 20 p.c. hydrochloric acid, and the mixture was diluted to 250 
c. c** with water and cooled to 0®. This was diazotised with 28 
c.r* of 50 p. c. sodi\iiTi nitrite in the usual way. and the solution of 
t he diazonium salt was rapidly added to cuprous cyanide solution 
(f>repared from 200 c. c. of 25 p. c. copper sulphate solution and 200 
<*. c. of 25 p. c. potassium cyanide solution at 80® at 100®, and the 
mixture was kept at this temperature for 30 minutes. The p- 
cyanonitrobenzene obtained in this way was isolated by distillation 
in sfeam. superheated to 140®, in an efficient draught cupboard; 
m. p. 147". yield 40 p. c. The nitro derivative (20 g.) mixed 

with granulated tin (40 g.) and 25 p. c. hydrochloric acid (60 c. c.) 
was gently heated on a steam-bath to start the reduction. The 
cyanoaniline obtained in this way was liberated by 30 p, c. sodium 
hydroxide in the form of a fine white suspension which was repeated- 
ly extracted with other, and the base thereafter crystallised from 
dilute alcohol, m. p. 80®, yield 50 p. c. p-(7yaao-s-drp/ic?i?/ff/uocar- 
bamide, prepared by condensation of p eyanoaniline and phenylthio- 
carbimide in alcoholic solution, separated from alcohol in silver}^ 
plates, m. p. 161-62°. (Found: S, 12*7. C j 4HJ |N;^S requires S, 
12*7 per cent.). 

A^^Cyano-l-anilinobcnzihiazolc (IX, R=CN). u) Bromination of 
p-cyano-B-dipkenylthiocarbamide , — A suspension of the cyanodiphenyl- 
thiocarbamide (0*8 g.) in chloroform (8 c. c.) was gradually treated 
with bromine (1 c. c. in 1 (?. c. of chloroform) when the thiooar- 
bamide dissolved and a red gum separated. The mixture was heated 
on a water-bath, under reflux, for 3 minutes when hydrogen bromide 
was evolved, On slight concentration and cooling, the hydroper- 
bromide crystallised in orange-red crystals which were dried in a 
vacuum and then reduced in sulphurous acid suspension with sul- 



R. F. HUNTER 


440 

phur dioxide. On basificafcion and recrystallisatiion from aioohol, 
i'-cyano-hanilinobenzlhiazolc was cbtained in the form of aggregates 
of small needles, m. p. 200®. (Found: S, 12’7. C, 4 fl<,N 3 S requires 
S, 12 75 per cent.). * 

(ii) Synthesis from l-chlorobcnzthiazole and p-c yanoaniline , — 
The base obtained by basificutiou of the condensation product of the 
chlorobenzthiazole and /)-cyanoaoiline had m. p. 208° after recrystal- 
lisation from alcohol, and melted at 207° when mixed with the 
specimen of 4'-cyano-l-anilinobeDzthiazole obtained from the 
brcmination of the cyanodiphenyithiocarbamide. 

THB MOSMM U.NIVERSITV, 

Aue-OiB. lieceired August 27, 1932 



Preparation and Properties of Highly Concentrated 
Sols. Part II. Sols of Vanadium Pentoxide, 
Silicic Acid and Molybdic Acid. 

By C. Ahobalacharya and N. B. Dhar. 

In a recent communication (Mittra and Dhar, J. Indian Chem, 
80 S., 1932, 9i 315) the methods of preparation and properties of 
highly concentrated sols of ferric, chromic and aluminium hydroxides 
have been investigated. In this communication, we are presenting 
Jbhe results obtained with concentrated sols of vanadium pfintoxide, 
silicic acid and molybdic acid. 

In several publications from these laboratories, {compare Ghosh 
and Dhar, J. Phya. Chem., 1929, 38, 1905) we have emphasised that, 
some properties of the sols of vanadium pentoxide, silicic, titanic, 
antimonic, tungstic and molybdic acids are fundamentally different 
from those of the sols of ferric, chromic, aluminium and other 
hydroxides, because the first group of sols is always associated with 
S(»me amount of the acids in the dissolved condition. The behaviour 
of this group of hydroxide sols is far more complicated than that of 
the other hydroxide sols, e. g., Fe (OH) 3 , Or (OH) 3 , A1 (OH)^, etc. 


Vanadium Pentoxide Sol, 

This sol was prepared according to the method of Biltz. A 
known weight of ammonium vanadate was made into a pasty mass 
in a pestle and mortar by adding small quantities of water and an 
equivalent amount of hydrochloric acid was added to it, drop by 
drop. The red precipitate obtained was removed to a filter paper and 
washed till it had the tendency to pass into colloidal condition. The 
precipitate was removed in Jena glass bottle and vigorously shaken 
with the addition of a small quantity of water till a clear deep red 
sol was obtained. The sol was further purified by dialysis. The 
experiments were carried in a thermostat at 30*^ 

From day to day as the dialysis was in progress, the concentration, 
density, viscosity and the coagulation of the sol by electrolytes were 

4 
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determined with increasing purity of the sol. The following are the 
experimental results : 

Table I. Tablb II. 

Sol A. Conc.=14‘72 g, VjOs Sol B. Cone. =23*34 g. V^O-, 
per litre. per litre. 

Viscosity of water at 80^ =0*00803. 


Days 

dialysed. 

Cone, 
g, /litre. 

Density. 

Visoosity. 

Days Cone. Density 
dialysed.g./litre. 

s Viscosity. 

0 

14’72 

1-010 

0*02035 

1 

23*34 

1*006 

0*02984 

1 

14-20 

1*009 

0*02103 

2 

22*90 

1*006 

0*03068 

2 

13*48 

1-011 

0*021U 

3 

21*60 

1*006 

0*03229 

3 

is:36 

1*009 

0*02127 

4 

21*50 

1-114 

0*03281 

6 

13-12 

1*009 

0*23989 

5 

21*42 

1*114 

C *04489 

7 

13-00 

1*012 

0*36294 

6 

21*20 

1*101 

0*10355 

8 

12-44 

1-013 

Highly viscous 

7 

20*56 

1-101 

0*16870 





9 

19*94 

1-101 

Highly viscous 





10 

19*40 

1-101 

Jelly formed 


The influence of the concentration on the viscosity of vanadium 
pentoxide sol of different degrees of purity was investigated and the 
results are as follows ; 

Tablb III. 

Sol dialysed for 1 day. Sol dialysed for 6 days. 


Cone. g. /litre. 

Viscosity. 

Cone. g. /litre. 

Visoosity. 

14*2 

0*02108 

18*12 

0*23989 

7*1 

0 01282 

6*56 

0*01218 

6-55 

0-01026 

3*28 

0*01002 

2*84 

0*00959 

. 2*624 

0*00945 

1*42 

0*00851 

1*312 

0*00879 

0*71 

0*00834 

0*656 

0*00854 

The coagulation of the vanadium pentoxide sol by potassium and 
barium chlorides was determined at 30° and 60° in order to find out 
the influence of temperature on coagulation of the sol. The 
following are the experimental results : 
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Table IV. 



Sol A. Cone. = 

14-72g. V 

2O5 per 

litre. 



Total volume = 

= 6 c.c. 

Time = 

1 hour. 




Temp. 30* 



Temp. 60* 


Days 

dialysed. 

Amt. of 

N/20. 

KCl. 

Amt. of Ratio of 
N/50- ppt. cone. 

BaCls. 

Amt. of Amt. of 

JVr/20KCl. N/50 

BaCl}. 

Ratio of 
ppt. cone. 

0 

181 c.c. 0-62 C.O. 

7-30 

2*00 c.c. 0*61 C.O. 

8*2 

1 

1*76 

0*61 

7-17 

1*95 

0'60 

8*126 

2 

1-59 

0-57 

7*00 

1*78 

0*66 

7*95 

3 

1-48 

0-54 

6*8.5 

1-66 

0*63 

7*83 

6 

1*88 

0*52 

6-63 

1*64 

0*60 

7*70 

7 

1-26 

0-60 

6*80 

1*43 

0*49 

•7 31 

8 

1*18 

0*49 

6*02 

1-35 

0-48 

7*00 


Sol B. Cone. 

= 23*34 g. 

V2O5 per litre. 


1 

1*97 

0*60 

8 21 

2*60 

0*70 

9*29 

2 

1'82 

0*57 

8‘< 0 

2-40 

0*67 

8*95 

3 

1-66 

0*54 

3*68 

2*23 

0*66 

8 ‘60 

4 

1-44 

0-50 

7*20 

1-97 

0*60 

8*21 

5 

1-25 

0*46 

6*80 

1*72 

0-54 

7*96 

(5 

114 

0*44 

6*48 

1*53 

0*60 

7-66 

7 

1*06 

0*42 

6*31 

1*40 

0*47 

7*46 

9 

101 

0*41 

6*16 

1*33 

0*45 

7*39 

10 

0 ue 

0*40 

6*00 

1 -20 

0*44 

6*62 


The influence of the concentration of a soJ on the amounts of 
electrolytes necessary for coagulation was also investigated with 
vanadium pentoxide sol and the results are as follows : 

Table V. 

Cone. = 14 *72 g. V 2 O 5 per litre. 


Total volume 

= 6 c.c. 

^ime = l hour. 

Temperature 

0 

0 

CO 

ii 

Day a dialysed. 

Dilution. 

Amt. of N/20- 
KCl. 

Amt. of iV/60- 
BaClj. 

Ratio. 

9 

original 

1*01 c.c. 

0*41 c.c. 

6-16 

10 

tt 

0*96 

0*40 

6-00 

9 

10 times 

1*60 

0-12 

81-26 

XO 

ft 

1-40 

0*12 

29*17 
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Table VI.. 

Sol B. Cone. =28'34 g. V^Og per litre. 
Volume=6 0 . 0 . Time = 1 hour. Temp. = 30®. 


Dilation. 

Amt. of N/20.KC1 to 
coagulate the freah sol. 

Amt. of N/20-KC1 to coagulate 
the Bol aged for 8 daytA 

B 

1*12 C.C. 

0*67 c.c. 

B/6 

1*87 

0*47 

B/10 

149 

0*42 

B/20 

1*56 

0*38 

^ B/40 

1*58 

0*36 

\ 

Silicic Acid 

SoL 


A sol of silioio acid was prepared by the hydrolysis of silicon 
tetrachloride. A Kahlbaum sample of silicon tetrachloride was added 
drop by drop to ice cold water, and the sol thus formed was purified 
by dialysis. 

The density, viscosity and coagulation of the sol were also 
investigated from day to day as the dialysis progressed. The results 
are as follows : 

Table VII. 




Sol A. 



Sol B. 


Days 

dialyaed. 

Gone. 

Density 
at 80". 

Viflcoeity 
at 30". 

Cone. 

Density 
at 30*. 

Viscooil 
at 30* 

0 

36-78 

1*200 

0*00966 

32*32 

1*223 

0*00828 

1 

22-78 

l*U6 

0*00983 

30*48 

1*182 

0*00834 

2 

21*96 

1*112 

0*00994 

29*12 

1*143 

0*00845 

8 

21*64 

1*009 

0-01047 

29*00 

1*110 

0*00964 

4 

31*04 

1*012 

0-01366 

28*23 

1*098 

0*00998 

5 

20*76 

1*014 

0-01269 

27*62 

laoo 

0*01142 

6 

30-72 

1-010 

0-01312 

27*02 

1*09 

0*01826 

7 

20*68 

1*012 

0-01608 

26*34 

1*07 

0*il2664 

< 

a 

30-68 

1*010 

0-02084 

26*88 

1*06 

0*1498 

9 

30*40 

1*010 

0*14460 

25*84 

1*06 

0*2842 

- 

— 

. 

Highly 

TUOOIU 

. • . 'HJUT. ■ 


Highly 

viattoui 
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Tbe influenoe of concentration on the viecosity of eilicie acid aol 
of difierent degrees of purity was mvestigated and the results are as 
follows ; 

Table VIII. 


Wcra 4.A. 

Ist day of diaiyeis. 8th day of dialysis. 


Cone. 


Viacoaity. 

Cone. 

V iscosity 

24*62 


001445 

19*66 

0*14980 

12*31 


0*01123 

9*78 

0 01604 

6-15 


0*00984 

4*89 

0*01266 

4*92 


0*00942 

3*91 

0*01082 

2*46 


0*00856 

1*95 

(V00981 

1*23 


0*00839 

0*98 

0*00877 

Fresbly prepared silicic acid sol caDDot be coagulated by uni- and 
bivalent electrolytes but it becomes unstable in the presence of a 
small quantity of alkali. Hence the sol was always coagulated in 
the •presence of small quantities of ammonium hydroxide and the 
results are as follows : 



Table IX. 



Cone. = 32 '32 g. SiO 

2 per litre. 0'2 C.c, of N- 

NH^OH added. 


Time 

= 1 hour. Total volume = 6 c.c. 



Temp. 80® 

Temp. 60® 

Days 

dialysed. 

Amt. of 
2N-KC1. 

Amt. of Batio. 

N/lO-BaClg. 

Amt. of 
2Ar.KCl. 

Amt. of Batio. 

N/lO-BaCI,. 

0 

1*86 o.c. 

0*80 c.o. 46*5 

1*20 c.c. 

0*66 c.c. 36*36 

1 

1*80 

0*76 47-37 

1*17 

0*63 87*14 

2 

1*72 

0*70 49*14 

1*(X? 

0*55 38*64 

3 

1*65 

0*66 60*80 

1*02 

0*52 39*23 

4 

1*68 

0*60 62*66 

0*98 

0*46 42*60 

5 

rso 

w 

0*66 54*64 

0*% 

0*43 44*65 

6 

1*48 

0*62 56*92 

0*90 

0*89 46*16 

7 

1‘44 

0*60 67*60 

0*86 

0*.86 47*77 

8 

1 41 

0*47 60*00 

0*84 

0*88 60*00 

9 

V40 

0*1t6 62*20 

0*88 

0*82 61*87 
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In order to study the influence on silicic acid sol, coagulation 
experiments were carried on with the sol sensitised by different 
amounts of ammonium hydroxide and the results are recorded 
below : 

Table X. 

Total volume =6 c.o. Time = 1 hour. Temp. =80°. 


Sol dialysed for 2 days. 

Conc = 7*i52 g. 

Si 02 per litre. 

Amount 

1-3 JV.NH 4 OH 
added* 

Amt. of SN-KCi 
necessary for 
coagulation. 

Amt. of N/IO- 
BaCl« necessary 
for coagulation. 

Batio of ppt. 
cone., mono/bi. 

0*20 c.c. 

0*96 c.c. 

1*01 c.c. 

28*6 

. 0’25 

0*95 

0*61. 

66*9 

0*30 

0*94 

0*41 

68*8 

0*40 

0*92 

0*31 

89*0 


Table XI. 


Sol dialysed for 4 days. 

Cone. = 6’78 g. Si02 per litre. 

Total volume — 6 C.O. Time. = 1 hour. Temp. = 30®. 

Amt. of 

N-NH 4 OH 

added. 

Amt. of 3iV.KCl 
necessary for 
coagulation. 

Amt of N/lO-BaC 
necessary for 
coagulation. 

?latio of ppt. ( 
mono/bi. 

0*2 c.c. 

0*90 c.c. 

0‘23 c.c. 

117 4 

0*25 

0*88 

0*21 

125*7 

0*30 

0*86 

0*20 

l-29*0 

0*40 

0*86 

0*19 

134*2 


Molybdio 

Acid Sol. 


Molybdio acid sol was prepared by the action of nitric acid on a 


concentrated solution of ammonium molybdate. The amount of 
nitric acid added was such that the white precipitate formed just 
redissolved. The sol was purified by dialysis. 

The viscosity of the sol was practically the same as that of water 
at the same temperature, although the sol was highly concentrated. 
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The sol was coagulated by potassium chloride and barium chloride 
and the results are as follows : 


Table XII, 

Cone. ^128*62 g. M 0 O 3 per litre. 

Vol. of the sol = 2 c.c. Total voL = 6 c.c. Time = l hour. 


Temp. 30“ Temp. 60* 


Days 

dialysed. 

Cone, neces- Ratio, 

sary to coagulate 

Cone, necessary 
to coagulate 

Ratio 


KCl. 

BaCl,. 


KCl. 

BaCl,. ' 


1 

0-1 K 

0-00533 N 

18-74 

0-08 N 

0-0035 N 

22-86 

2 

0-0129 N 

0-00138 N 

9 70 

0 0066 N 

0-00066 N 

9*85 

3 

0-00133 N 

0 000166 W 

8 00 

0-0033 N 

0 0004 N 

B-25 

4 

0-000766 N 

0 000107 N 

7*16 

0-0026 N 

0-00032 N 

7-81 

• 

6 

0-00065 ]V 

0-000093 N 

6*91 

0 00216 N 

0-00031 N 

7-00 

6 

0-00033 N 

0-000070 N 

4’71 

0-00183 N 

0-000296 N 

6*18 

^ 7 

0-00023 N 

0-000053 .V 

4*34 

0-00133 N 

0-000276 N 

4-84 

8 

O-000166 N 

0-000043 N 

3*86 

0-001033 N 

0 000266 N 

3-88 


Discussion, 

From the foregoing tables, it will be clear that the viscosity of 
vanadium pentoxide and silicic acid sols increases markedly with 
their purity. This behaviour appears to be more pronounced with 
silicic acid sol than with vanadium pentoxide ^oL. The viscosity of 
undialysed and freshly prepared sol B of silicic acid, which is quite 
concentrated, does not differ very much from that of water; but 
after dialysis lasting for a week, the viscosity is greatly increased. 

In order to obtain strictly comparable results we must take 
into consideration the influence of ageing on the properties of 
these sols. It has been emphasised in several publications that 
colloids have no definite composition, but it changes with time. The 
viscosity of sols of silicic and vanadic acids increases on ageing as 



■ . *v .'. 

will be eviddnt from the loHowi&g xeeults (of. Ghoeh end ]>hMr> 
loo. cit.). 


Vanadiam pentoxide sol. 

Conc!. « 1*093 g. /litre. 

Date. Viscosity 

(compared with water.) 


Silicic acid sol. 

Cooo.« 12*075 g. /litre. 

Date. Viscosity at 80*^ 


4 

Dec. 

1922 

1*080 

7 April 

1927 

C 

Dec. 

1922 

1*085 

2 May 

1927 

8 

Dec. 

1922 

1*100 

13 July 

1927 

18 

Dec. * 

1922 

1*110 



26 

Dec. 

1922 

1*132 




0*00872 

0*00919 

0-01121 


Recently Chakra varti (D.Sc. Thesis, Allahabad University) bd^s 
obtained exactly similar results on ageing with more concentrated 
sols of vanadium pentoxide. 

Oh ooinparing these results on. the influence of ageing on viscosity 
of sols of vanadium pentoxide and silicic acid with those obtained 
regarding the influence of purity on the viscosity of these sols, it will 
be clear that the latter influence is much more prominent than the 
former one. Thus with vanadium pentoxide sol, the ageing effect in 
14 days is only a three per cent, increase of viscosity, whilst on 
purifying the sol for a week or so by diaiysis, the viscosity of sols A and 
B are enormously increased, although the concentrations of the sols 
are less than those of the freshly prepared undialysed ones. Similar- 
ly with silicic acid sol, the viscosity increases about six per cent, in 
25 days due to ageing, whilst after ten days dialysis, both the sols 
A and B become highly viscous. Consequently, even when we take 
into account the increase of viscosity of these sols on ageing, it will 
be evident that the viscosity increases with the dialysis of the sols. 
As the sols become purer and purer on dialysis, the adsorbed electro- 
lyte becomes less and the electric charge on the particles of the sol 
j^ecreases. Along with the decrease of the charge, the viscosity of 
the sol markedly increases. Hence these results obtained with 
vanadium pentoxide and silicic acid sols are in agreement with the 
conclusion of Dhar that the greater the purity and less the charge on 
the sol, the greater is its viscosity. 

Chakravarti, Ghosh and Dhar (J, Phya. Chem,, 1930, 81 , 830) 
have deduced that if N^, 1 ^ 2 * be the precipitating concen- 

trations of uni-, bi., tri-,,..x valent ions, then 


Ni :N 2 :N 3 .,. :N^=l:^a:l/8a:..* where 

aLm . 

ibaft is A lies between 0 end 1 and is a proper fraction, fwiohati^e on. 
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the colloids Osdielecfcric conBtani of the medium» r=:dieiaiace of the 
double layer, T=: absolute temperature and Boltzmann constant. 
It follows from the foregoing relation that when T or D increases or 
q decreases, a tends to become unity. In other words, as the charge 
on the colloid particles decreases, the precipitating concentration 
of uni', bi*. and trivalent ions tend to be in the ratio 1 :i 

Moreover, it follows from the above relation that when the tem- 
perature is increased, there should be a tendency of the precipitating 
concentrations to arrange in the ratio 1 : J. 

The experimental results obtained with vanadium pentoxide and 
mjlybdic acid sols show that the ratio of the precipitating concen' 
traiions with potassium chloride and barium chloride appreciably 
decreases with the purity of the sols and these results are in agree- 
ment %vith the theoretical deductions of Chakravarti, Ghosh ^nd Dhar 
'already referred lo. 

It has already been stated that sols of vanadium pentoxide, silicic 
acid, molyhdic acid and tungstic acid are always associated with the 
respective substance in the dissolved condition. With time the 
dissolved molecules, existing in large amounts in freshly prepared 
sols, •agglomerate and form colloid particles, but on increasing the 
temperature of freshly prepared sols of vanadic and molyhdic acids, 
the amount of dissolved substance is increased as will be evident in 
the case of vanadic acid from the following results obtained by 
Ghosh and Dhar (lor. rit,) with vanadium pentoxide so! : 


Concentration of sol = 7*4 1 g. V20;i per litre. 


Bol. 

Unboiled sol on 10 Nov. 1027 
Unboiled «oi on 12 Dec. 1027 
Boiled sol 


Amounts of dissolved in 
10 c.c. of sol. 

0 0038 g. 

0*0083 ^ 

0n072 


Now the stability of the sols of vanadic and molybdio acids in- 
creases with the increase in the amount of the dissolved acids, which 
yield negative ions adsorbable by the sols, and these sols are nega- 
tively charged. It is evident from the results recorded in this paper 
that the amounts of univalent positive ions required to coagulate these 
sols are much greater than the amounts of bivalent positive ions and 
' eonseqaently slight change in the stability of the sols is likely to 
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afMi the precipitating ooaoentration of potassium chloride more than 
that of burium chloride. Thus the ratio of the precipitating con- 
centrations of potassium and barium chlorides is greater when the 
coagulation is carried at 60“ than at 30", because of the increased 
stability of the sol at 60“. This behaviour is observed only with 
the freshly prepared sols of vanadium pentozide. With the aged sol of 
vanadium pentozide, the amount of potassium chloride required for 
coagulation is less at 60“ than at 80“ (c/. Dhar and Satya Prakash, 
J. Phya. Chem., 1930, 34, 954). 

The results on the coagulation of silicic acid sol by potassium 
and barium chlorides at 30“ and 60“ show that at 60“, the sol 
becomes unstable for both the electrolytes and the ratio of the 
precipitating concentration of potassium chloride to that of barium 
chloride is much less at 60° than at 30°. Consequently, this sol 
shows a different behaviour regarding its stability at higher tempera- 
tures from that of vanadic and molybdic acid sols. In precipitating 
silicic acid sol by electrolytes we have observed that the sol was 
extremely stable towards electrolytes and in order to effect preci- 
pitation by potassium and barium chlorides, the sol was mixed with 
traces of ammonium hydroxide, which sensitises the sol. In a 
previous communication, Ghosh and Dhar (loo, cit,) showed that 
the sensitising influence of traces of alkali is due to the formation of 
soluble silicates and dissolution of some of the complex and aggre- 
gated molecules of silicic acid. 

It is obvious that the dissolution and the formation of silicate by 
tbe addition of traces of ammonium hydroxide is more pronounced 
at higher temperatures than at lower ones, and consequently, the 
sensitising influence of ammonium hydroxide towards silicic acid is 
greater at 60° than at 80° and the sol is less stable at 60° than at 30°. 

Moreover, it will be seen that in the coagulation of r>ilicic acid sol, 
- which has been rendered unstable towards electrolytes by the addition 
of small quantities of ammonium hydroxide, the amount of barium 
chloride required for coagulation decreases more rapidly than the 
quantities of potassium chloride necessary for coagulation as the 
purity of the sol increases. It has also been observed in Tables X and 
XI that the decrease in the amount of barium chloride ncessary for 
coagulating silicic acid so! in presence of increasing amounts of ammo- 
nium hydroxide acting as a sensitiser, is more pronounced than the 
decrease of the amount of potassium chloride under identical condi- 
tio^. 
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It Epp6M?8, thdrofordi that the seQsitising influcxxcd of ammoziiuio 
hydroxide on silicic acid sot is more pronounced on its coagulation by 
bivalent electrolytes than by monovalent ones and the increased 
purity of the silicic acid sol affects more markedly its coagulation by 
barium chloride than by potassium chloride. Hence these two pro- 
perties of silicic acid sol appear to be related and seem to be due to 
the existence of the sol particles of different degrees of agglomeration 
along with the dissolved silicic ficid and the possibility of forming 
sparingly soluble barium silicate on the addition of barium chloride to 
silicic acid containing small amounts of ammonium hydroxide. • 
•These sols become unstable tow^ards their coagulation by electro- 
lytes on ageing as is generally observed with other sols. This 
behaviour may be ascribed to the formation of bigger aggregates from 
,the colloidal particles on ageing and the consequent decrerfse in the 
number of the adsorbed stabilising ions. Moreover, these sols also be- 
come unstable on being heated specially when the .sols are aged. We are 
of opinion that heating ficcentuates the ageing phenomenon specially 
with silicic acid sols and the stabilising ions are given out and thus 
the sols become unstable towards their coagulation, silicic acid sol being 
very sensitive to heat specially when aged. Thus a sol of silicic acid 
containing 22 54: g. of Si02 per litre sets to a stiff jelly on heating. 
Sjmilar heat sensitivity of silicic acid sols has been reported by 
Flemming (Z. Phys. Chem,, 1902, 41, 427) and Pauli and Valko 
[Kolloid Z. , 1926, 38, 289). In this respect silicic acid behaves like 
some typical lyophillic colloids. In previous papers (Dhar and Gore, 
Indian Chem. Soc,, 1929, 6, 81, 041) it has been reported that 
when the sols of ferric, chromic, aluminium and other hydroxides 
become highly pure they behave like lyophilic colloids regarding their 
viscosity. From the results recorded in Tables III and VIII, it 
appears that with pure sols of vanadium pentoxide and silicic acid, the 
viscosity concentration relation is allied to that of a typical lyophillic 
colloid. The viscosity increases enormously in the concentrated com ' 
dition and the viscosity-concentration curves are very steep. 

The experimental results in Tables V and VI show that when 
vanadium pentoxide sol is freshly prepared, it requires greater amounts 
of potassium chloride for coagulation in the diluted condition than in 
the concentrated one. On the other hand, the aged sol requires 
smaller quantities of electrolytes for coagulation when diluted than the 
concentrated sol. The sols of vanadium pentoxide, silicic acid, 
molybdio acid, etc. always contain the reapective acids in the dissolved 
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Bad the amouat of aoM preseat in the 
deoreaaeB with time due to their agglomeration to form apl parti* 
ides. The negative ions given out by the acids are adsorbed by the 
sols and thus their electric charge is mainly due to this ionic adsorp- 
tion. The antagonistic action of this stabilising ion is more pro- 
nounced in the coagulation of the diluted sol by an univalent ion than 
in the case of the concentrated sol, partly because of the greater ioni- 
sation of the dissolved acid when the sol is diluted. Hence larger 
quantities of potassium chloride are necessary for coagulating a freshly 
prepared and diluted sol than the concentrated one. When the sol 
becomes aged, the amount of dissolved acid existing along with thc%ol 
decreases and the influence of the stabilising ion becomes leas marked 
and the sol requires smaller quantities of potassium chloride for coagu- 
lation when diluted than that required for coagulating the original soL^ 
It appears that the behaviour of these sols is much more complicated 
than that of sols of ferric, chromic, and aluminium hydroxides. Fur- 
ther work with these sols, which are associated with the respective 
substances in the dissolved condition, is in progress. 


Summary^ 

1. The viscosity of sols of vanadium pentoxide and silicic acid 
increases considerably with their purity. With the pure sola, the 
viscosity-concentration curves are very steep and resemble those of 
some lyophilic colloids. The viscosity of even a concentrated sol of 
molybdic acid is practically the same as that of water. 

2. The ratio of the coagulating concentrations of potassium and 
barium chlorides decreases with the purity of sols of vanadium pen- 
toxide and molybdic acid. Silicic acid sol can be coagulated by 
potassium and. barium chlorides only when sensitised by ammonium 

" hydroxide or any other alkali. In this case the ratio of the precipita* 
ting concentrations of potassium and barium chlorides increases with 
the purity of the sol . 

3. The sensitising influence of ammonium hydroxide on silicic 
acid Bol is more pronounced on its coagulation by bivalent ions than 
by monovalent ones. Moreover the increased purity of silicic acid sol 
affects more markedly its coagulation by bivalent ions than monova- 
lent ions. These two properties appear to be related and are quite 
peculiar to sflicic acid sol. 
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4. Witih litiidio acid sol the raiio of the ooagulatiog eoncentratioDB 
pottufttium and barium chlorides is smaller at 60^ than at 80*’, 
whilst with vanadium pentoxide and molybdic acid the same ratio is 
greater at 60" than at 80", specially when the sols are freshly prepared. 

6. The properties of these sols are certainly more complicated 
than those of the other hydroxide sols, because these sols always 
contain the respective acids in the dissolved condition and these molc' 
cules have u tendency to agglomerate into sol particles. 


CsKMlCAt. IjABORATogY* 

• Au>AaAUAD Umversiit, 
Allahabad 
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Preparation and Properties of Highly Concentrated 
Sols. Part III. Sols of Zirconium Hydroxide. 

By E. D. Sharma and N, K. Dhar. 

In recent communications, we have investigated the preparati^in 
aiyl properties of highly concentrated sols of some metallic hy- 
droxides. In this paper, we are submitting the results obtained 
with zirconium hydroxide sol. At first we tried to prepare a concent 
trated sol of zirconium hydroxide by peptising a freshly •prepared 
* precipitate of zirconium hydroxide by a solution of zirconium 
nitrate. A concentrated solution of zirconium nitrate was prepared 
and drop by drop, ammonium hydroxide was added to it till the 
precipitate first formed redissolved on shaking. The sol thus formed 
was concentrated by boiling. In this way a sol containing 166*0 g. 
of Zr02 per litre could be prepared. This sol looked like 
glycerol and was highly viscous but contained a considerable amount 
of nitrate ion. As the sol prepared by the peptisation method is 
impure, we prepared our sols by the hydrolysis of zirconium nitrate 
solution and subjected it to dialysis. After dialysis lasting for one 
week at the ordinary temperature, the sol thus obtained was con- 
centrated by boiling. By this method, a sol containing 402 g. ZrOg 
per litre was obtained. The purity of the sol, c., ZrOg/NO;^ 
was 2*6. In order to obtain a purer sol, this concentrated 
sol was diluted and subjected to hot dialysis and a sol contain- 
ing 100*2 g. Zr 09 per litre with a purity of 6*6 was obtained 
(sol A). The sol was clear in transmitted light but opalescent 
in reflected light and was slightly yellowish. On attempting to 
concentrate the sol further it becomes a jelly. It is evident, 
therefore, that if a sol of greater purity is to be prepared, its con- 
centration cannot be as hl^h as that of the sol A. Hence a portion 
of the sol A was diluted and subjected to dialysis. In this way, 
a sol containing 65*2 g. ZrOg per litre with a purity of 16*2 
was obtained (sol B). This sol was colourless and was perfectly 
clear in both transmitted and reflected light. It was highly viscous 
and looked like glycerol. Any further attempt to get this sol 
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a purer state by oold or hot dialysis leads to its gelation or the 
formation of a glassy mass. 

The concentration of the sol was determined by evaporating 
in a platinum crucible a known volume of the sol to dryness and 
igniting it and weighing it as ZrO^* The amount of nitrate was 
estimated by treating it with Devarda’s alloy and distilling off the 
ammonia and absorbing it by a standard solution of sulphuric 
acid. 


Coagulation of the Sola by Electrolytes. 

The sols being highly viscous and concentrated, the coagula- 
tion experiments have been carried on after diluting the sol 10 
times with conductivity water. The sols are positively charged but 
could* not be readily coagulated by even a saturated solution of 
potassium chloride. Hence the coagulation experiments were 
carried on with potassium bromate and potassium sulphate and 
the results are as follows : 


Table I. 


Coagulation time=l hour. 


Coagulating 

concentration of 

Ratio. 

KBrOj(«). 

KjSOiCb). 

a/b 

01666 N 

0*00516 N 

32-2 


8ol B 


Table II. 


Coagulation time = l hour. 


Coagulating 

concentration of 

Ratio. 

KBr 03 (a). 

KaSOift). 

a/b 

(>•06613 N 

0*001666 N 

39*6 


The sols were stabilised by adding a solution of zirconium nitrate 
containing 1*0436 g. of the salt in 100 c. c. of the solution. 2 C. c. 
of this solution were added to 10 c. c. of the original sol. 10 C, o. 
of this mixture were diluted to 100 c. o. and this was used f or the 
pbagulation experiments and the results are recorded be^^. 
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Tablb III. 


Coagulation time=l hour. 



OoftgHlatixig ooneentration of 

Batio« 


EBrOi(«). 

K, 804 ( 6 ). 

alb 

So] A 

0*1896 N 

0'00624BN 


SolB 

0 08287W 

0*00176W 

47*8 


Hence it appears that as the sol becomes impure and oonM- 
^uently more stable by the adsorption of Zr."*ions, the ratio of the 
coagulating concentrations of mono* and bivalent electrolytes increcuses 
and this is in agreement with the results obtained with qther hy- 
droxide sols and follow the theoretical deduction of Chakravuti, 
Ohosh and Dhar PhyB. Chetn., 1930, 31 , 880). 

The influence of concentration of the sol on its coagulation has 
also been studied and the results are as follows : 

Table IV. 


Coagulating time=sl hour. 



Coagalating concentration of 

Ratio. 


KBrOjCo); 

K ,804 ( 6 ). 

a/b 

Sol A 

0*17282yf 

0-0064a6Ar 

31-6 

SolB 

O’O07O7Af 

0*00187667 

36'6 


It will be observed that with this sol the relations that the 
greater the concentration of the sol the greater is the amount of 
electrolyte necessary for coagulation irrespective of the valency of 
the coagulating ion, is applicable. 

One interesting fact is that the coagulum in the case of the sol A 
which is less pure and less viscous than sol B appears white, 
whilst the coagulum obtaine4 from the sol B which is purer and 
more viscous appears almost transparent and less white than that 
(Stained in the case of sol A. Similar results are obtained with 
stannic hydroxide sols of different degrees of purity. It appears 
that the coagulated mass obtained from a highly hydrated and 
viscous sol is also associated with large quantities of watnr and 
appeur transparent. 
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Vitoosiiif of the Bolt. 

The TisoositieB of both the sols A and B at different oonoentra- 
tions were determined at 22“ by Ostwald’e viscosimeter and the 
results are recorded below : 

Table V. 


Viscosity of water at 22® =0*009606. 

Sol A. 

Sol taken 

Sol B. 

= 5 c.c. 

Cone* of 6ol. 

Dengity. 

Viacositj. 

Density. 

Viscosity, 

a (origioal) 

1*104 

0*23301 

1*0668 

1*71676 

a/2 

1*060 

0*03326 

r026 

0*30691 

a74 

1-024 

0*01806 

1*012 

0*04148 

a/8 

1*013 

0*01192 

1*0058 

0*01973 

a/16 

1*0052 

0*01072 

1*0023 

0*01344 


The viscosity of these sols after the addition of 2 c.c. of zirconium 
nitrate solution containing 1*0436 g. of the salt in 100 c.c., to 10 
c.c. of the original sols has also been determined and the results are 
compared with those obtained after adding 2 c.c. of water to 10 c.c. 
of the sols. 




Table 

VI. 


Cone, of 
sol. 

Viscopity of 
ptire sol. 

Sol 

A. 

Viscosity of 
sol mixed with 
Zr(N 03 ) 4 . 

Viscosity of 
sol mixed 
with water. 

a 

0*23301 


0*07566 

0*08260 

a/2 

0*03326 


0*02399 

0*02690 

a/4 

0*01806 


0*01788 

0*01763 

a/8 

0*01192 


MS 

... 

a/16 

0*01071 


... 

... 

a 

1*71576 

Sol B. 

0-99507 

1*68269 

a/2 

0*20691 


0-18784 

0-18099 

a/4 

0*04148 


0-02846 

0*08869 

a/s 

0*01978 




a/16 

0*01844 


• • • 
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Just as in the case of concentrated sols of ferric, chromic, and 
aluminium hydroxides, the viscosity of the highly concentrated zirco* 
nium hydroxide sol appreciably diminishes to a limiting value on 
repeating the viscosity measurements. 

The surface tension of the sol was determined by the capillary rise 
method. We also attempted to measure the surface tension of the 
highly viscous sols by Du Nouy*s method but no concordant results 
were obtained. The results obtained by the capillary rise method 
are recorded in Table VII. The specific conductivity of the sols was 
also determined and the results recorded in Table VIII. • 

# 


Table WI. 
Temperature = 22* . 

Sol. Surface tension. 

Sol A 70-2 

Sol A + ZrCNOj)^ solution 70‘61 
Sol A/10 71 33 

Sol B 71-66 

Bol B + Zr(N0i)4 lolation 71’14 
Sol B/10 71-87 

Water 72-22 


Table VIII. 


Sol. 8p. co«dt. X 10' 

Sol A 

1*196 

Sol A aged for 10 days 

1*280 

Sol A/10 

0‘274 

Sol A/10 aged for 10 days 

0*286 

Sol B 

0*425 

Sol B aged for 10 days 

0*452 

Sol B/10 

0*0898 


I Sol B/10 aged tor 10 da^s 0-0949 


1 


It appears from the foregoing results on the measurements of the 
specific conductivity (Table VIII) that with time the specific conduc- 
tivity increases probably because of the giving out of the adsorbed 
electrolyte by the colloid particles on ageing. 

It has already been reported in a previous communication that 
when a highly concentrated sol of chromium hydroxide is allowed to 
dry up in the dark, a transparent residue is left which when mixed 
up with water passes back to a sol condition. Similar reversible 
behaviour is observed wit^ zirconium hydroxide sol. When these 
concentrated sols of zirconium hydroxide are allowed to dry up in a 
desiccator over sulphuric acid in the dark, a transparent residue is 
left which swells up on the addition of water and passes into the sol 
state. When however, the sols are dried in the sun or on a water- 
bath, a part of the reversibility is lost. It, appears, therefore, that 
when the drying of the sol is rapid, the colloid particles get dehydrat* 
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sd sod tho rsTStsibility disappdsrs but when the sol is allowed to dry 
slowly in the dark, the dried mass is completely reversible and in 
this respect, zirconium hydroxide behaves like a lyophilio colloid. 

The highly concentrated sols of zirconium hydroxide prepared by 
us are hig^y viscous. Sol B, which contains practically half the 
amount of zirconium hydroxide as present in sol A, is about 8 times 
more viscous than sol A. This is due to the fact that sol B is more 
pure (purity 16‘2) than sol A (purity 6‘6). Moreover, the viscosity 
of these sols is appreciably decreased on the addition of the peptising 
e^irolyte, zirconium nitrate, which increases the chaa^e on the 
colloid particles. Hence, these results conclusively prove tkat 
greater the purity of the sol and less the chuge on the colloid par- 
ticles, the greater is its viscosity. 

From Table VI, it will be clear that the viscosity-concentration 
curve of a highly concentrated sol of zirconium hydroxide is steep 
and that this is more steep with the purer sol B than with A. 
Consequently, from the point of view of viscosity, the concentrated 
sols of zirconium hydroxide, like other hydroxide sols investigated in 
this laboratory behave as a typical lyophilic colloid. Moreover, the 
surface tension of zirconium hydroxide sol is appreciably less than 
that of water. 


Summary. 

1. By hydrolysing concentrated solutions of zirconium nitrate 
and by hot dialysis of the solution, highly concentrated sols of zirco- 
nium hydroxide containing 100'2 g. ZrO^ i.e., 0'8172 g. mtde 
ZrOji per litre with a purity 6 6 and 55'2 g. ZrO# i.e., 0*4602 g. 
mole ZrOji per litre with a purity of 16*2 have been obtained. 

2. These concentrated sols are highly viscous and the greater the 
purity of the sol, the greater is its viscosity. The viscosity of t h es e 
■sols decreases when their electric charge is increased by i^e addition 
of zirconium nitrate solution. The viscosity-concentration curves of 
concentrated zirconium hydroxide sols ace steep. The purer the sol 
the more steep the viscosity-concentration jourve. 

8. Thejratio of the coagulating conoentratjons of potassium bro- 
mate and sulphate increases when zirconium nitrate is ad ded to 
stabilise the sols. 

4. The surface tension of concentrated sols of zirconium l^dth* 
aide is appreciably less than tiiat of water. 
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6. Th« ipMifio oonduotivity of the sole inoreasee on ageing. 

6. When these highly oenoentrated sols are allowed to dry slowly 
in the dark, the dry residue swells on adding water and passes 
nto the sol again. 

CaiuicAi, Labobatobt, 

AUiABABao UNiTBSsm, Rteemed August 1, 1983> 

Allahabad. 




Relation between Charge and Stability of Colloidal 
Solotions of Gold and Ferric Hydroxide 
Dialysed to Different Extents. 

Bv B. N. Desai, G. M. Nabas and P. M. Babve. 

It is believed by most colloid chemists that the stability of a 
colloid,_ as determined by the coagulating concentration of an 
electrolyte, depends on the charge on its particles and that 
the greater the charge the greater will be the stability. The 
results of coagulation of colloids b}' electrolytes as well as the 
effect of dialysis on the stability of colloids have been explained on 
the basis of this view. Mukherjee, Choudhury and Kai Choudhury 
(J. Indian Chem. Soc., 1927, 4, 493) working on colloidal arsenious 
sulphide found that the stability is not directly related to the charge 
as is generally believed to be; in some of the results they found a 
greater stability in spite of smaller charge on the colloid. Their 
conclusion is however based on the results obtained with mixtures 
of electrolytes as well as with single electrolytes containing organic 
anions. It was therefore considered necessary to investigate if the 
same behaviour is also shown by other sols under much more simple 
conditions. 

It is well known, that although in most cases, the stability of the 
sol decreases with the progress of dialysis, colloidal gold prepared 
by the formaldehyde method becomes more stable towards electro- 
lytes with progress of dialysis up to a certain stage, after which 
stability towards electrolytes decreases (Freundlich, “ Colloid cmd 
Capillary Chemistry,” 1926,^ngli8h Translation, p. 506). It has also 
been shown by Galecki {Z. anorg, Chem., 1912, 71 , 196 et teq) 
that the cataphoretic speed of gold sol increases with the progress 
of dialysis along with an increase in the flocculation value. In 
what follows results of simultaneous measurements of charge and 
flooculf^tion .^Alue with potassium chloride of colloidal solutions of 
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gold and feme hydroxide dialysed to diflFaraat extents hare been 
giTOl. 


ExraxnoDnrAi.. 

Preparation of colloidal aoiuftons.— Gold sol was prepared by 
Zsigmondy's nucleus method in batches of 100 o.e. Ferric hydroxide 
sol was prepared in instalments of fSOOc.c. by adding 80 o.o< of a 
46% solution of ferric chloride drop by drop to 600 c.o. of boiling 
distilled water ; the mixture was stirred all the time and tihe resulting 
br&wn red sol was boiled for % hour. 

The sols were transferred to parchment paper bags for dialys&. 
The bags 'Were previously treated with- distilled water to remove 
soluble matter. The outer water was changed twice a> day. 
Suitable ahiounta of colloids werb withdrawn every time for experi- 
ments by means of a pipette. . / 

■ Method of meaeuring -the charge.- — The charge wAs measured 
according to Mukherjee’s improved U-tube method {Proc. Roy. Boo., 
1923, A, 103, 102 ; also Mukhetjee, Choudhury and Bai Choudhury, 
loe. cii.). The electrodes were put in the side bulbs and not in the 
limbs of the U-tube in order to avoid the disturbing effect of electro- 
lysis on the sharpness of the boundary. 

Mukherjee, Baicboudhury and Bhattacharyya (J. Indian Chem. 
Boo:, 1928, 5, 786) have shown that unless the upper liquid has got 
the same ionic ccanposition as the intermicellary liquid the results 
of charge measurements are sore to be erroneous. Mukherjee, Bai- 
choudhury and Biswas - (J. Indian Chem. Boo., 1931, 8^ 378) have 
also i^own that the use of ultrafiltrate as the upfier liquid does not 
give reliable results. The upper liquid in our measurements of gold 
sol consisted of solution of potassium chloride having the same' con- 
ductivity as the colloid ; it gave quite satisfactory results, in the 
ease of -ferric hydroxide the upper liquid was prepared in the same 
manner as pven by S. N. Mukherjee {KoUoid Z., 1980, 82, 68). 

-We fdso- performed some experiments. in case of- ferric hydroxide 
sol 'to see if the dialysate could be used as an upper liquid (a/. 
*' CoHoid- and Capillary Chemistry", Eng. Trans., p. 872). . It was 
found that m the initiid stages in the case of sols dialysed for short 
periods and containing still appreciable amounts of HCl and FeOl^# 
the ^alysate obtained by keeping distilled water in contact with Uie 
Colkudini the parchment bag for about 86 hours could be used As v 
AstisfadtQzy^ upper liquid. T^he xasultc cd^toiiied hy^ 
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M th« upper liquid for the eol dieljBed for 2 days are given below, 
the oataphoretie speed corrected for viscosity is expressed in centi* 
metres per second per volt per centimetre x 10*. 

Tablb I. 

Besistance of the dialysate =: 66 Ohms. 

,, ,, colloid =66 ,, 

Potantial gradiant. Direct Potential gradient. Reverae^ 

speed. speed 

* before after before after 

catapbo. catapbo- catapbo- catapbo- 

resis. resis. reals. reais. 

Dialysate as | (1) 0*810 0*807 35*64 0*805 0*808 ^ 36*45 

upper bqnid J (3) 0*802 0*818 36*64 0*809 0*803 35*64 

Th6 coBBtancy of the potential gradient as also the agreement between 
the upward and downward speeds with the dialysate as upper liquid 
ia well marked and therefore evidently satisfies the requirements for 
uniform ionic composition. For sols dialysed for long periods, the 
use of the dialysate as the upper liquid did not give quite consistent 
values for the direct and reverse movements of the boundary, 
probably due to the effect of the Donnan equilibrium coming into 
operation. It was however found that in all cases, even for sola 
dialyaed for long periods, the dialysate forms a very convenient 
liquid to atart with for preparing the necessary upper liquid by adding 
suitable amounts of electrolytes for getting the same ionic composi- 
tion aa the intermicellary liquid. Further experiments to investigate 
fully the possibilities of the use of the dialysate as thb upper liquid 
are in progress. 

The flocculation values were determined by finding out the 
amount of KCl necessary for giving a definite blue colour after 6 
minutes in ease o! gold sol and for the instantaneous precipitation 
of tihe colloid in ease of colloidal ferric hydroxide, the volume of the 
misiture colloid + electrolyte bemg kept constant throughout. 

The results of charge measurements and of flocculation values of 
gold and ferric hydroxide sols are plotted in Figures 1 and 2 respee- 
tivfly.. The difference between the direct and reverse readings was 
» less than 0% in each case. The concentration of the colloid did not 
ohMga to any appreciable e^nt during dialysis, 

7 ' 
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Fro. 1 
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Di$cu$9ton. 

From Fig. 1 it is seen that in the case of gold sol both charge 
(asBuming that the rate of migration represents the density of the 
charge) and flocculation value behave similarly on subjecting the 
colloid to dialysis; they first increase with the progress of dialysis, 
reach a maximum and then bcign to decrease simultaneously. In 
the cose of ferric hydroxide sol (Ftg. 2) although with the progress 
of dialysis the charge first increases and then decreases, the floccu- 
lation value continuously decreases. 

The initial increase in charge with the progress of dialysis might 
be due to the following effect. 

We have observed that the cataphoretic speed of colloidal gold 
and of ferric hydroxide first increases and then decreases on addition 
of small increasing amounts of KOH and of HCl and FeClg respec* 
tively (unpublished results). This is due to preferential adsorption 
of the similarly charged ions in the beginning, the word ‘*preferen* 
tial indicating that the ions are adsorbed in the inner sheet of 
the double layer. The amounts of stabilising ions (OH ion in case 
of gold sol and H and Fe ions in case of ferric hydoxide sol) in the 
sol continuously decreases with the progress of dialysis. The process 
of dialysis can be taken as the reverse of the above process, the 
amounts of the stabilising agent initially present in the sol being 
appreciably more than what will correspond to the maximum 
in the cataphoretic speed-concentration curve of the colloid with the 
particular electrolyte and therefore with the progress of dialysis the 
charge on the colloid will first increase and then decrease (c/. 
Freundlich, loc, cit.). On extreme dialysis the colloid will coagulate 
due to the removal of the stabilising ions from the double layer. It 
is therefore likely that various colloidal solutions when subjected to 
dialysis might show a first increase and then a decrease or a continue 
ous decrease in the cataphoretic speed according to whether the 
amount of stabilising agent is more or equal to or leas than what will 
correspond to the maximum in the cataphoretic speed-concentration 
curve of the sols with particular electrolytes. 

The continuous decrease in the flocculation value in the case of 
ferric hydroxide sol, instead of an increase first and decrease there* 
* after as in the case of the cataphoretic speed, can be due to either or 
both the following effects ; 



468 B. K. DBSAI, Q. M. HABAB AND B. M. BABVB 

(1) Bona and Miohaelis {Bioehem. Z., 1910, 97 . 65) have found 
that the amount of H ion adsorbed hy charcoal was greater in the 
presence -of -potasSum chloride than without it and that it reached a 
maximum with increasing amounts of potassium chloride (c/. Parka 
and Bartlett, J. Amer. Chem. Boe., 1927. 49, 1698). Mukfaerjee, 
Choudhury and Bai Choudhury (ioc. cit.) have found that the charge 
on colloidal arsenious sulphide in the presence of small amounts of 
an electrolyte increased on the addition of another electrolyte having 
a common coagulating ion but a different similarly cbcurged ion. On 
the addition of ECl the colloid can be said to be under the influence, 
of a ixd^ureof electrolytes (KCl + HCl + FeCljj) and therefore if «we 
pxCBume that on its addition more H and Fe ions are adsorbed in the. 
inner sheet of the double layer, the charge on the colloid will also 
unurease^'and a larger amount of potassium chloride will be require4 
to coagulate the sol. With the progress of dialysis, the concentra* 
iion of intermicellary HCl and FeCls decreases and the charge on 
tile particles increases. If ECl is now added the increase in the 
adsorption of H and Fe ions may not be so much as to raise the final 
charge on the particles to the value which would obtain in the case of 
a sol dialysed for a shorter period. (Measurements of catapboretic 
speed of colloidal solution of ferric hydroxide, dialysed to different 
extents, in the presence of varying amounts of HCl and ECl as well 
as HCl + ECl indicate that the adsorption of H ions does increase 
under certain circumstances in the presence of ECl — unpublished 
results.) If this be the case a smaller amount of the electrolyte will 
be required to coagulate the dialysed sol inspite of the higher initial 
charge on its particles. This mechanism will go on till the maxi* 
mum in the oataphoretic speed-dialysis curve is reached. After the 
vnuTimiim (the portion of the curve to the right of line AB in Fig. 2) 
as the charge on the colloid continuously decreases with further 
progress of dialysis progressively smaller amounts of ECl will be 
Irequired to coagulate the sol. 

In the case of the gold sol the stability and charge showed a 
yinilar behaviour even during the period when the charge increased 
because the amount of electrolytes initially present in the inter- 
nuoellary liquid (EOH and ECl) being very small, addition of ECl 
In the colloid may not have increased the adsorption of either or both 
OH and Cl ions in the inner sheet of the double layer as in the case 
of 'ferric hydroxide which contains appreciable amounts of HCl attd' 
EeOls in the beginning. In fact we have observed that charge on^ 
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colloidal gold does not increase in the presence of small amounts 
of KCl as it does in the case of ferric hydroxide (unpublished 
results). 

(2) As the charge on ferric hydroxide first increases on the 
addition of KCl, a greater amount of electrolyte will be required to 
coagulate the sol even when the charge on the colloid is initially 
small. We have observed that this effect becomes less marked as 
the purity of the colloid increases (unpublished results). 

Conclusions. 

ly an the foregoing considerations it would appear that there is 
nothing to warrant the view that charge and stability are not related 
with each other. The abnormal behaviour shown in any » case can 
be traced to the part played by the similarly charged ions. It must, 
however, be pointed out at the same time that it is not safe to draw 
conclusions about the charge on colloidal particles from the results of 
stability as determined by fiocculation values although in some cases 
flocculation values may serve a useful criterion for the same. 


ParsiOAL CHBIflSTBY IjABORATOBT, 
WllftON COLLBOBy BoUBAY. 


Rtc^ived August 12, 1932* 




A Study of the Interaetion between Thionyl Chloride 
and Substances Containing the Reactke Methylene 
(-CH2-) Group. Part lY. 

By K. G. Naik and V. B. Thosar. 

A close study of the reactions of tbionyl chloride with organic 
compounds clearly shows that the course of reaction followed by 
tbionyl chloride is entirely guided by the conditions of experiment in 
many cases. The reaction of tbionyl chloride with phenols, phene- 
toles and alcohols might be cited as examples of this type. Generally 
in presence of anhydrous aluminium chloride, these compounds give 
rise to sulphides. But by slightly changing the conditions of the 
experiment, the same reaction can be made to follow a different 
coulee, as a result of which sulpboxides are obtained (Loth and 
Michaelis, Ber., 1894, 27, 2540; Smiles and Eossignol, J. Chem. Soc., 
1908,93.74.5), Hence it was thought interesting to examine the 
course of the reaction followed by thionyl chloride when it reacts with 
substances containing a reactive methylene (•CH 2 ') group in cold 
ethereal eolution, although a similar reaction in boiling benzene $olu~ 
iion bad already resulted in the formation of sulpboxides (Naik, Besai 
and Parekh, J, Indian Chem. Soe., 1930, 7, 137 ; Naik and Thosar, 
ibid.t 1932,9, 127); and as will be seen from the experiments re> 
corded in this paper this expectation is completely fulfilled. 

Thionyl chloride was made to react with the following amides in 
presence of cold anhydrous ether. 

(1) Aeetoacetanilide, (2) acetoacet-o-toluidids, (8) aeetoaeeC-m- 
toluidide, (4) seetoseet-p-toluidide, (5) acetoaeet-/3-naphthylamide, 
(6) seetoaoet-l:d :4-zylidide, (7) mslondi-n-propylamide, (8) malondi- 
tsobutylamide, (9) malo^diamylamide, (10) mslondiheptylamide, 
(11) ethylmalon-o-tolylamste, (12) ethylmalon p-tolylamat)e« (13) 
ethyltnalon-^-naphthylsmatet (14) ethylmalon-1 :3:4;-:^lilamate, 
(10) etbylmalon-1 :4 :5-xylilamate. 

The amides slowly went into solution, from which sulphides began 
to separate out, the reaction being complete after several days, the 
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timelbquired depending upon the nature of the amide used. Amidee 
(t) to ( 10 ) gare sulphides of the general oonstitutioui 


E'OOv ^CO-B' 

S— HC < 

BNHco-^ N:onhe 


(where R= phenyl, tolyl, naphthyl, xylil or propyl groups and B' is 
either a CH 3 or -NHB group); but in the case of amides (0) and (10) 
the reaction products were liquids which did not solidify even when 
placed in a freezing murture. They will be worked up later. On the 
other hand the amates ( 11 ) to (15) gave sulphides of the formula 

S:CC 

NDOOCjHe 

The above constitution of these sulphides follows from the follow- 
ing considerations : 

(i) That the two hydrogen atoms are not supplied by the phenyl 
group, since (a) acetoacetic ester, which does not contain such a phenyl 
group reacts with thionyl chloride in a similar manner (Michaelis and 
Philips, Ber.t 1890, 28, 559); ( 6 ) malondi-n-propylamide containing 
no phenyl nucleus also reacts with thionyl chloride to give a similar 
compound. 

(it) lliat the hydrogen atoms eliminated are not those, which an^ 
originally attached to the nitrogen atom of -NHB group, for (a) ethyl 
aoetoacetate which does not contain such a hydrogen atom reacts 
similarly with thionyl chloride; (b) in case of malondi-n-propylamide 
which contains two such amido hydrogen atoms only one is replaced. 
On the supposition that the hydrogen atom of the -NHB group is 
reactive both these hydrogen atoms must react. 

Finally in order to establish that these compounds are not sul- 
phozideB of the formula 

E'COv yCO-IL' 

>CH— 8— HOC 

BNHCO' II NjONHIi 

o 

advantage was taken of the fact that Michaelis and PlulipB had 
actually obtained a sulphide of aoetoaoetio ester by the action of 
thionyl ^oride upon it (loc. eft.). As the conditimii used by tiiese 
autbom were slightiy different ihom tfaoM used here,' thimiyi bUotBi 
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w«c :mAde to retwt with aoetoAootio ester under erectly the eame hon* 
ditions as ware used here and it was found that the produot (d>tauied 
was identical with that obtained by the above authora. Thia 
sulphide of aoetoaoetio ester has been prepared by a host of workers 
from various sources so as to leave no doubt as to its constitution 
(Buchka, Ber., 1885, 18, 2092 ; Delisle, ibid., 1889. 88, 
Schonbrodt, Annalen, 1889, 288, 198 ; Sprague, J. Chem. 8oo., 1801, 
89. 829). ' 

The reaction of thionyl chloride with amates (11) to (15) is also in 
favour of the sulphide cou'^titution for the following reasons : , 

• (t) These amates. when they were made to react with thionyl 
ohlor<de in boiling benzene, where there is a greater possibility of the 
formation of sulphoxides, gave rise to liquid products (Naik, Desai 
^and Parekh, loc. cit.). • 

(ii) The reaction products obtained here are white crystalline 
substances, whereas the sulpfaoxides of the linking :C : 8 :0 obtained 
till now are always coloured substances. 

Michaelis and Philips (Zoo. cit.) hold that in such reactions, tiiionyl 
chloride behaves as if it were a mixture of sulphur dichloride md 
sulphury! chloride, 2 SOCl^ — ►SClj, SO 2 CI 2 , sulphur diehloride 
reacting with acetoaoetic estei; with the formation of the above 
sulphide. This view is further confirmed by the reaction of thimiyl 
chloride with aromatic tertiary amines yielding two different products 
as represented by the equations : 

3 PhN(CH3)s + 28001, =8[GoH4N(CH,),], + 80,< 

XJl +8HC1. 


the second produot being obtained by the action of sulphuryl ohl(»ide 
(SOgCl,) on the amine (Michaelis and Godohaux, Ber., 1890, 88 , 
868). The reaction of thionyl chloride with phenol also gives a sul« 
phide together with other substances containing both sulphur and 
chlorine (Tassinari, Oazzetta, 1890, 20, 862). 

The same explanation can very well be given in the reaction 
studied here. 


[ B'CO. “1 r B'CO. “I 

+ 2 SOCl,->* 2 I + SOI*. 

BNHOO^ J LRNHOO' J 

;OOv yOO'W 

8— H0< 

•OO-^ X501 


80,01, 


Bi-Of 
BNH* 




+ 80,01, +2 HOI 


9 
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Thereowe of the reiwfeion followed by 80201 ^^ cannot be definitely 
aseertained here, as the mother liquor on evaporation gives only a 
semi solid mass, which it is proposed to work up later. In all probabi- 
lity the course followed by the reaction is different from that followed 
under ordinary conditions where chloro compounds are obtained (Naik 
and Shah, J. Indian Ghent. Soc., 1927, i, 11). It is just possible 
that the catalytic action of thionyl chloride might again play its 
important part here and give rise to compounds of the type obtained 

in the case of tertiary amines and phenols. 

The reaction in the case of a mates (11) to (16) can be represented 
as 

CgHsOOOv CgHsOCOv 

>CH2 + 2S0Cl2 > >C:S + 2HCl + S02Cl2. 

RNH-ClO'^ RNH*CO^ 


Such a course of reaction is not an abnormal one. Many 
instances can be cited where under similar conditions both the 
hydrogen atoms of the methylene group of the amates react, whereas 
usually only one hydrogen atom of the methylene group in the case 
of ihe aliphatic amides of malonic acid is found to react (Naik J. 
Ghent. Soc., 1921, 119, 379; West, ibid.. 1922, 121, 2196; Naik 
and Shah, J. Indian Ghent. Soc., 1930, 7, 111; Naik and Shah, 
ibid.j 1927,4, 11 ; N)rris and Thorpe, J. Ghem. Soc., 1921, 119, 
1203). The course of reaction where only one hydrogen atom takes 
pnrt, is explained by supposing that the second hydrogen atom 
becomes sluggish after the first is replaced by a substituent.. 

From the consideration of the time taken to complete the 
reaction (vide experimental) in a series such as. 


COCfis 

HaC/ 

CONHE 

(I) 


COOC2H3 

HaC<^ 

CONHR 

(II) 


CONHR 


CONHR 

(III) 


the time regyired for the completion of the reaction in the case 
of the type (III) ie longer than that required in the case of type (II), 
which in ite own turn was found to be less reactive than type (I) . 
This is quite in accord with the hypothesis put forward by Naik {J. 
Oh 0 fi. ii9, 1166), and supported by the experimental 

work carried on in; these laboratories since then. That the coin- 
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pounds of type (11) are less reactive than those of type ^I) follows 
from the fact that the total negativity of the adjoining carbonyl 
groups in type (II) is made smaller than that in type (I), by 
the replacement of a carbethoxy group in place of acetyl group» 
the other (-CONHR) group being common to all the three types. 
This total negativity is still further reduced in compounds of the 
type (III) where both the carbonyl groups are partially neutralised 
by the -NHR group and hence in this case the reactivity of the 
hydrogen atoms of the methylene group is the least and the time 
required for the completion of the reaction longest. ^ 

^n examining the properties of these compounds it was found 
that the thio grouping (-S-) in these compounds is not so stable as 
the dithio grouping in the compounds obtained by Naik by the action 
of sulphur monochloride on substances containing the reactive 
methylene group {J. Chem, Soc., 1921. 119, 1166, 1231)- Thus, 
while the dithio grouping is quite unaffected by fuming nitric acid and 
silver nitrate, the thio grouping in these compounds is destroyed, 
giving rise to free sulphuric acid in the first case, and silver sulphide 
in the other. The sulphides derived from amates are still more 
unstaBle and are gradually decomposed on keeping for a long time. 

Expbbimxktal. 

Thiobiaaceioacotanilide . — Thionyl chloride (2*5 g.) was added to 
pure dry acetoacetanilide (3*6 g.) suspended in dry ether (30 c. c.) 
in a conical flask tightly corked with a calcium chloride tube 
to avoid moisture and left at room temperature (28-80®). 
The amide slowly went in solution (3 hours) and the ethereal 
solution attained a rich red colour* On the next day white 
hexagonal plates began to separate out. After 8 days, when the 
reaction was complete the separated solid was filtered at the 
pump and washed with dry ether to free it from the excess of 
thionyl chloride. After crystallising it from a mixture of benzene 
and light petroleum (b. p. 60-60®) the substance was obtained in the 
form of white, hard, prisqpiatic needles, m. p. 1S2®. But this 
substance was found to contain traces of hydrochloric acid from 
which, it could not be freed even on repeated crystallisations or 
keeping it in an alkali desiccator for a long time. The melting point 
• also remained unchanged. Hence the substance was dissolved in 
benzene and boiled with a small amount of animal charcoal (0*2 g,) 
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iii)4er reflux for nearly 6 hours. The clear filtrate from animal 
charooal was allowed to oool alter adding an equal amount of dry 
%ht' petroleum. The resulting product was now free from hydro* 
chlorie acid and was obtained in the form of white silky needles, 
m. p. 147^. It is interesting to note here that the impure com- 
pound had the same melting point (182°) in whatever conditions it 
was taken out of the reaction mixture. The analysis of the impure 
substance also amounted to nearly 1 mol. of hydrochloric acid in 
combination with 1 mol. of the sulphide. 

The substance is readily soluble in benzene, sparingly so in 
chloroform, carbon tetrachloride, carbon disulphide and insoluble in 
petroleum ether and ether. (Found : N, 7*85; S, 7‘90. CaoH 2 o 04 N 8 S 
requires N, 7'29; S, 8’88 per cent.). 

All other sulphides were similaily prepared by treating the 
respective amides with thionyl chloride under the above 
conditions. A slight excess of thionyl chloride than required by 
equation was always necessary to compensate for the loss caused 
by gradual decomposition. All the sulphides except those obtained 
from amates had to be purified by boiling with animal charcoal for 
6 hours. The results of these experiments are tabulated in Table 1. 

Hydrolytu of thiobitacetoacet-^-naphthylamide .- — The compound 
(8 g.) was added to the solution of caustic potash (7 g.) in water 
(8 0 , e.) and refluxed for 2 hours. The mixture was cooled and 
filtered. It was washed with cold water till it was free from alkali. 
The solid was crystallised from hot water, when characteristic rosy 
leaflets separated out, m. p. 111°. The substance was identified 
as /8-naphtbylamine and confirmed by mixed melting point. The 
filtrate was evaporated to dryness on a water-bath and the £olid obtain- 
ed was treated with hydrochloric acid when H^8 was found to evolve. 
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Azlactone from G-Aldehydocoumarin and its 
Condensation with some Aromatic Amines. 


By Sak\t Kumar Banerjeb. 


The present investigation was undertaken with the object of 
^nthesising phenantbraooutnarin from 6-aldehydocoumarin, prepared 
by the application of the method adopted by Sen and Chakravarti 
(J. Amer. Chem. 8oc,, 1928, 50, 2428). 

The aldehydoooutnarin (I) has been condensed with hippuric 
acid, and the azlactone (II), obtained on alkaline hydrolysis gave the 
coumsrin'6-pyruvic acid (III). The acid when oxidised with hydro- 
gen peroxide in alkaline solution was expected to yield the coumarin- 
6-acetio acid. This beinty condensed with o-nitrobenzaldehyde by 
application of Pshorr's method (Ber., 1896, 29, 496) would yield 
pheaanthracoiunarin . 


O 


CO/\/\ H,C 

[ 11 - 


,NH COPh O 

\ CO/\/\ 

r 


"COOH 


CH CHO 


CH KJ\J\ 


CH 


N=CPh 

CO 


'CH=c/ \o 

N nn 


(I) 


ai) 


hydrolysis 


o 

CHsjCOCOOH. 

(Ill) 



-* 

The hydrolysis of the azlactone was proceeded with difficulty. 
The product of hydrolysis was obtained as a tarry viscous naass and 
the yield was very small. The formation, however, of the expected 
keto-acid (111) as one of the products of the hydrolysis of the szlac- 
tone (ip has been, qualitatively established by its condensation with 
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m 

ortlto-phenylenediunineCGiilluid and Virden J. Ch»m. Boe., 1938. 
980). 

The present work mainly deals with the properties of the 
azlaotone and its condensation product with p-toluidine, a-naphthyl> 
amine and aniline. The oondeosation was effected by the method of 
Narang and B&y (ibid., 1031, 076). 

Experimbntal. 

Preparation of the azlactone from Baldehydocoumarin . — 
mixture of the aldehyde (10 g.), bippuric acid (10 g.), sodium acetate 
(6 g.) together with freshly distilled acetic anhydride (17 c.c.) was 
heated in a flask on a water-bath for hours. The yellow mass so 
obtained was washed several times with alcohol and repeatedly boiled 
with a large volume of water to remove the excess of hippuric acid 
and filtered. The residual mass was boiled twice with considerable 
amount of 80 p.c. alcohol to remove the unreacted-upon aldehyde 
and it *was finally crystallised from glacial acetic acid in lusturous 
yellow needles, m.p. 246®, yield 6 p.c. (Found: C, 71*8; 
H, 3*49; N. 4*4. CigHi requires C, 71*92; H, 3*47; N, 4*41 
percent.). 

Hydrolysis of the Azlactone and Isolation of Coumarin-S- 
pyruvic Acid in the form of Quinoxalino Compound. 


O 



The hydrolysis of the azlaotone was effected by beating it with 
io p.c. caustic soda solution until the evolution of ammonia had 
ceased. The solution was then saturated with sulphur dioxide and 
filtered. The filtrate was boiled with bydrochlorto acid when the 
keto-acid separated a« a tarry mass wbioh resisted all attempts for 
"Mysthllis^tidh. It however oondensad with e>phenylenediamii|a, 
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when alcoholic solution of the two were shaken together. The 
quinoxalino-compound separated from acetic acid in light grey 
rhombic plates, m.p. 288-90®. (Found: C, 70 78; H, 8 95; N, 9*08. 
C|gH| 203 N 2 requires C, 71*05; H, 3*61; N, 9*21 per cent.). 

Condensation of the azlactone with p-tohiidine. — ^AzJacfcoue (9 g.) 
was heated with p-toluidine (3 g.) and a trace of copper- bronze at 
150-60® for 2 hours. The cooled mass was extracted with hot 
acetic acid from which reddish brown silky crystalline plates of 
the compound having the formula C 9 H 5 O 2 CH :C(NH*COPh)- 
C 0 NH*C 3 H 4 'CH 3 , separated. It was recrystallised from glacial 
acetic acid, m.p. 258®. (Found; C, 73*56; H, 5*21; N, 6*66. C 26 H 20 - 
O 4 N 2 requires C, 73*58; H, 4*95; N, 6*6 per cent.}. 

Condensation of the azlactone with a-naphthylamine, — The 
.azlactone (9 g.) was similarly condensed with a-naphthylamihe (4 g.) 
by heating the mixture at a temperature of 150® and the product 
was extracted with glacial acetic acid (charcoal) as yellowish needles 
of C 9 H 502 CH:C(NH*C 0 Ph) CO*NHC,oH 7 . (Found: C, 75*37; 
H. 4*7; N, 6*07. C 2 i>H 2 o 04 N 2 requires C, 75*65; H; 4*35; 

N, 0*08 per cent.). 

Condensation of the azlactone xvith aniline, — The azlactone was 
similarly condensed with aniline by heating equimolecular pro- 
portions of the two in the presence of a little copper-bronze at 
130-40® for 1^ to 2 hours. The tarry viscous mass was treated 
with hot glacial acetic acid in w*hich the compound was soluble. The 
acetic acid solution w^as boiled several times with charcoal and the 
clear solution on concentration yielded yellowish white needle shaped 
crystals of the compound. C 9 H 5 O 2 CH :C(NH*COPh)CONHPh, 
m.p. 178-80®. (Found : G, 72*98; H, 4*87; N. 6*79. C 25 H 18 O 4 N 2 

requires C, 73*17; H, 4*4; N, 6*83 per cent.). 

In conclusion I wish to express my sincere thanks to Sir P. C. 
Kay for his kind interest in this investigation. 


Palit Professor’s Laboratory, 

University Collbob of Scibnce^^ Received August 9, 1932. 

Calcutta. 
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Condensation of Chloral with 2-Hydroxy-p-toliiio 
Acid and its Methyl Ether. 

By a. N. Meldrum and B, M. Kapadia. 

A synthesis of phenylaoetic acids has been effected by means 
tjjree successive reactions, viz., (1) condensation of a benzoic acid 
with chloral (Fritch, Annalen, 1897, 296 , 356; 1898, 301, 360), (2) 

the reduction of the'CH(OH)CCl 3 group to -CH^CHCl 2 with zinc 
and acetic acid (Aliinchandani and Meldrum, J. Chem. 1921, 
119,201), and (3) the hydrolysis and oxidation of-CH 2 CHCl 2 to 
-CH. 2 COOH with concentrated sulphuric acid (Alimchandani and 
Meldrum, J. Indian Chcm. Soc., 1929, 6, 253). 

The last mentioned reaction is not general. It is affected by the 
presence and position of other groups in the ring. 

The preseat work was undertaken to study the condensation of 

2- hydroxy-p-toluic acid with chloral and to extend the application of 
the method of obtaining phenylacetic acids. 

2-Hydroxy-p-toluic acid when condensed with chloral in presence 
of sulphuric acid, yielded the 3-hydroxy-4-methyl-a-triohloromethyl 
phthalide (I). This was reduced with zinc and acetic acid when the 
phthalide ring opened and the 3-hydi-oxy-4-methyl-2/8/S-diohloroethyi- 
benzoic acid (II) resulted. The compound (II) on hydrolysis and 
oxidation with concentrated sulphuric acid yielded the 2-hydroxy- 

3- methyl-6-carboxyphenyl-l-aoetio acid (III). 

The behaviour of the methyl ether of the acid was also 
examined. 

On condensation with chloral and subsequent reduction with zinc 
a.nd acetic acid it gave the 5-methoxy-4-methyl-a-trichloromethyl 
phthalide (VII) and 5-met4oxy-4-methyl-2-;8^- dichloroethylbenzoic 
acid (VIII). The reduction product on treatment with concentrated 
sulphuric acid yielded the 3-methyl-4-hydroxy-6 carboxyphenyl-l- 
acetic acid (IX). Here concentrated sulphuric acid hydrolyses not 
only the group -CH 2 CHCla but also the methoxy group to the 
hydroxyl group. To confirm this (IX) was benzoylated. 
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These reactions have also been applied to the production of 
phenylbisacetio evoid by further condensation of the phenylacetic 
acid (III) to (IV), subsequent reduction of (IV) and treatment of (V) 
with sulphuric acid. The 2-hydroxy-3-methyl*6-carboxyphenyIene- 
1 :5-bi8aoetic acid (VI) was finally obtained. The attempted con- 
densation of (IX) with chloral was not successful. The product of 
the reaction does not contain chlorine but it is the 8-hydroxy-4 ; 6- 
dimethylbenzoic acid (X). 

The action of sodium hydroxide on the condensation products 
(Ir IV, VII) has also been studied. With the hydroxytrichloro- 
methyl phthalide alkali opens the ring and hydrolyses -CCI3 to COOS 
group. Thus compound (I) yielded 2-hydroxy-6-carboxy-3-methylman- 
delic acid (la) and (IV) yielded 2-carboxy-3-carboxymethyl-4-hydroxy- 
6-metby)mandelic acid (IVa). 

But with the methoxytrichloromethyl phthalide (VII) the -CCI3 
group only is hydrolysed, the phthalide ring remaining intact so that 
6-methoxy-4-methyl-a-oarboxyphthalide (Vila) was obtained. 

The reason for the orientation assumed for the compounds men- 
tioned must now be given. 

The m-linking of -CHOH'CGls group to the hydroxy or methoxy 
group has been ruled out of consideration for the following reasons. 
The compound (IX) was oxidised with potassium permanganate 
to 4-hydroxy-6-methylphthalic acid (IXa), m.p. 245®. This acid is 
not identical with known acid, 5-hydroxy-6-methyli«ophthalic acid 
(1:3), m.p. 270® (Jacobsen, Ber., 1881, 14, 2115) where COOH is in 
the m-position to hydroxyl group. 

Hence the chloral molecule must have attached to the -o-or-p- 
position to the hydroxy or methoxy group. 

The two phenylacetic acids (III and IX) are not identical. (Ill) 
melts at 213® whilst (IX) melts at 209^. The mixed m.p. is 200®. 
Hence again the chloral molecule attaches itself to different positions 
(o or p) depending whether the group present is hydroxyl or methoxyl. 
The substance (IX) was treated with chloral and sulphuric acid. 
With sulphuric acid (95 per cent.) the original product was recovered. 
But with the sulphuric acid (100 per cent.) the mixture after four days 
yielded two products, one with chlorine and the other without it. The 
first is a polymer of chloral, i.e?., (CClaCHO)^ but the second is the 
a-hydroxy-4 : 6 dimethylbenzoic acid (X) (Gunter, Ber., 1884, 17, 

1606). This fixes the constitution of (IX). 

The product (X) is formed by the elimination of carbon dioxide by 
the action of sulphuric acid (100 per cent.) in presence of chlorid. 
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This eliminatioii can' be considered in the light of the indaoed 
alternate polarity ” principle of VorlAnder. It has been found that 
the carbon dioxide is retidily lost by a negative C-atom. Thus in (IX), 

pHa 

HOOCHaC \/ 

COOH 

the methyl and carboxyl groups support one another in making 
the carbon atom which loses carbon dioxide negative. 

Since the acids (III) and (IX) are different and since the 
chloral molecule CHOH^CCl^ in the methoxy compound is attached 
• to the benzene ring in the p-position to the methoxy group, the 
linking in the hydroxy compound must be in the o-position. 

Experimental. 

S-Hydroxy'^-mcthyl'a-trichloromcihyl ‘phthalide^ (I). — 2-Hydroxy- 
p-toljjic acid (10 g.)t chloral hydrate (12 g.)and sulphuric acid (SOc.c., 
95 p.o.) were shaken together to a clear solution. On the third day 
the mixture was poured over ice when a solid separated. It was 
crystallised from acetic acid and then from a mixture of acetone and 
petroleum ether in rectangular plates, m.p. 232®. (Found: Cl, 88*0. 
C 10 H 7 O 3 CI 3 requires Cl, 37’8 per cent.). It is soluble in alcohol, 
acetic acid, acetone, and insoluble in water, benzene, petroleum 
ether, toluene, chloroform. 

Acetyl derivative crystallised from dilute alcohol, m.p. 142®. 
(Found : Cl, 33’0. C^ 2 H 904 Cl 3 requires Cl, 32'9 per cent.). 

Benzoyl derivative crystallised from methyl alcohol, m.p. 164®. 
(Found :C1, 27’3. Cj 7 H 1 i 04 Cl 3 requires Cl, 27’6 per cent.). 

2-HydToxy-^-carboxy-d-inethylmandelic acid, (la). — The triohloro- 
methyl phthalide (I) was heated on a water-bath with sodium hydro- 
xide (200 C.C., 20 p. c.) for 3 hours. After cooling, it was acidified 
with dilute hydrochloric acid and extracted with ether. A thick oil 
was obtained which solidifiefi on keeping in an alkali-desiocator. The 
solid mass was purified through its barium salt and then crystallised 
from a mixture of acetone and toluene. The acid can also be puri- 
fied by distilling the thick oil at reduced pressure when the vapours 
condense to a yellow mass. This on orystallisation gave the pure 
product as needles, m.p. 115®. (Found: Eq.wt., 228*4; C, 58*0; H, 
4*8. OioHioOe requires Eq. vrt., 226*0; 0 , 681; H, 4*4 per cent.). 
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The barium salt is soluble in water. (Found : Ba, 37*7. CioHgOe Ba 
requires Ba, 38*0 per cent,). The substance is soluble in alcohol, 
acetone, sparingly soluble in benzene, and toluene, insoluble in 
petroleum ether and chloroform. 

S-HydroxyA-methyl-2‘Pp‘dichloroethylbenzoic acid^ (II). — The tri- 
chloromethyl phthalide (I) (10 g.) was dissolved in acetic acid. Zinc 
dust (7 '5 g.) was then added in small quantities while the mixture 
was automatically shaken. After 3 hours the mixture was filtered 
and the filtrate diluted with water. A white light substance separa> 
ted. This was collected and crystallised from benzene in feath^y 
coticentric needles, m.p. 184°. (Found: Eq. wt., 247*0; Cl, 28*3. 
CjoHioO^Cl^ re4uires Eq. wt., 249*0; Cl, 28*6 per cent.). The 
substance is soluble in acetic acid, acetone, alcohol, sparingly soluble 
Jn ether, toluene, benzene, and insoluble in petroleum ether. 

Acetyl derivative crystallised from a mixture of petroleum ether 
and acetone, m.p. 185° (mixed with starting substance, m.p. 169°). 
(Found: Cl, 24*4. Gi 2 Hi. 204 Cl 2 requires Cl, 24*4 per cent.). 

Bcfisioyl derivative crystallised from benzene, m.p. 140°, (Found; 
Cl, 20*3, C-j 7 H i 40 .^Cl 2 requires Cl, 20*1 per cent.). 

Barium salt crystallised with 3 molecules of water of crystallisa- 
tion, [Found: Ba, 19*7. (Cj 03012)2 3 H 2 O requires Ba, 20*0 
per cent.] . 

2-/7 y (h'o.i‘H’Vt’niL lh jih(>c(irboxyi)hc7iyl-l-acciic acid, (III). — The acid 
(II, m.p. 184°) (10 g.) was added to concentrated sulphuric acid 
(30 C.C., t)5 p.c.) in very small quantities. The substance changed 
to yellow colour and hydrogen chloride gas was evolved. On heating 
on the water -bath, the whole turned to brown sticky mass, which 
was filtered through flannel and transferred to a porous plate. It 
was dried in an alkali-desiccator. The dry mass was crystallised 
from water throe times in square plates, m.p. 213°, 

The sulphuric acid mother liquor was diluted and extracted with 
ether yielding further quantity of the substance. (Found: Eq. wt., 
209-8; C, 67*1; H, 4*7. requires Eq. wt., 210*0; C, 67*1; 

H, 4*7 per cent.). The substance is very soluble in acetic acid* 
alcohol, acetone, ether, wat%r, slightly soluble in benzene, toluene, 
petroleum ether, chloroform. 

Barium salt crystallised with 1H20. (Found : Ba, 87’6. 
0^0^805®^ requires Ba, 37*8 per cent.). 

Benzoyl derivative was prepared by the pyridine method* It was 
isolated by extraction with ether and repeatedly crystallised from 
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hot water in feathery needles, m.p. 126^* (Found : Eq. wto 818'8. 
^ 17 ^ 14^6 reqtiires Eq. wt., 814). 

The methoxy derivative was prepared by the methyl sulphate 
method, crystallised from dilute acetic acid and recrystallised from 
a mixture of chloroform and acetone in prismatic plates, m.p. 206^. 
(Found: Eq. wt., 22S 6 . OnHigOg requires Eq, wt,, 224). 

The aoetyl derivative was prepared using acetic anhydride. The 
product was extracted with ether, and crystallised from water, m.p. 
110®. (Found: Eq. wt., 261*8. C| 3 H| 20 e requires Eq. wt., 252). 

2- Hydroxy -3- methyl-Q-a-trichloromeihylphthalide- phenylacetic 
acid, (IV). — The phenylacetic acid (III, m.p. 213®) (6 g.) and freshly 
distilled chloral (9 g.) were mixed with sulphuric acid. After 4 days 
the mixture was poured over crushed ice. The slightly yellow 
powder was collected, crystallised from acetic acid and recrystallised 
from acetone and toluene in concentric needles, m.p. 249®. (The 
yields are improved by using 100 p. c. sulphuric acid from 21 p. c. 
to 47 p. c.). 

The same substance can be obtained directly from (II). The 
sulphuric acid acts as the condensing agent as well as hydrolysing 
aiid oxidising agent. (But the yields are poor and the purification is 
tedious). (Found: Cl, Sl’O. C 12 H 9 O 5 CI 3 requires Cl, 31*3 per cent.). 

2-Carboxy‘S-carboxymethyU4:-hydroxy-5-methy1mandelic ac/d,(IVa). 
— It was prepared by the action of sodium hydroxide on (IV). 
The acid was isolated by extracting with ether and crystallised from 
ether in rectangular plates, m.p. 246®. (Found: Eq. wt., 281*5. 
requires Eq. wt., 284), 

2rHydTOxy-B-methyh5-PP - dichloroethyl-Q-carboxyphenyUl acetic 
acid, (V). — The trichloromethylphthalide-phenylacetic acid (IV, m.p. 
249®) (10 g.) was dissolved in glacial acetic acid (300 c.c.) by heating. 
Zinc dust (35 g.) was added in small quantities at a time to the solu- 
tion. After beating for 8 hours the mixture was filtered off from 
unchanged zinc and zinc acetate. The filtrate was then evaporated 
on the water-bath. The sticky yellowish syrup-like substance was 
kept in an alkali desiccator for 8 days. The mass w^rS then treated 
wiUi a small quantity of water and the white solid obtained was 
collected and dried. It was crystallised from water and recrystal-; 
Used from a mixture of toluene and acetone in small white needles, 
m. p. 208-05®. (Found: Cl, 22*9. Ci 2 ^t 2 ^ 5 ^^s requires Cl, 28*1 
per cant.). The substance is soluble in acetic acid, alcohol, acetone* 
insoluble in ether, toluene, benzene, chloroform, petroleum ether. 



comym 



2.Hif4ro;ry-8 : S^bkac^iw (VI) 

wag prepared by the action of auiphurio acid on the compouiid 
(m«p. 203*205^) and crygtalUsed from a mixture of toluene m4 
acetone, m.p. 220®* (Found: Eq. wt,, 26o 2. CigHygOj requireg 
Eq. wt., 268*0). The substance is soluble in acetone, alcohol, water 
(hot), insoluble in benzene, chloroform, sparingly soluble in petro? 
leum ether. 

S^Methoxy ^-methyUa-irichloromethyl phthalide, (VII). — 2-Meth* 
oxy-p-toluic acid (m.p. 164®) (10 g.) and chloral hydrate (10 g*) 
were mixed with sulphuric acid (50 c.o.). On shaking the substance 
want into solution After 3 days a white mass separated. The whole 
mixture was then poured over crushed ice. The white pasty mass 
was allowed to remain in the mother liquor for 12 hours when it set 
to a hard mass. This was crystallised from acetic acid and rdcrystal* 
lised from dilute alcohol in rectangular plates, m.p. 132®. (Found: 
Cl, 35*8. Cj 1H9O3CI3 requires Cl, 36*0 per cent.). The substance is 
soluble in acetic acid, alcohol, sparingly soluble in ether, petroleum 
ether, chloroform, toluene, benzene. 

5-M ethoxy A-meihyUa-carboxyphthalide, (Vila). — 5-Methoxy-4- 
methyl-a-trichloromethyl phthalide (VII, m.p. 132®) was heated with 
sodium hydroxide (100 c.c., 20 p.c.). The brown mass obtained 
by acidifying the solution mixture was crystallised from a mixture of 
acetone and toluene in rectangular plates, m.p. 222®. (Found: Eq. 
wt., 220; C. 59*3 ; H, 4*5. ChHiqO^ requires Eq. wt., 222*0 ; 

C, 59*4 ; H, 4*5 per cent,). 

Barium salt crystallised with 2 molecules of water of crystallisa- 
tion. [Found: Ba, 221. (C| |H£)05)2Ba, 2H2O requires Ba, 22*3 
per cent.]. 

5-MethoxyA’methyU2-^^'dichlo7'oethylbenzoicacid, (VIII), — 5-Me- 
thoxy-4-methyl-a-triohloromethyl phthalide (VII) (m.p. 132®) was 
reduced with zinc and acetic acid. The white mass obtained by 
diluting the acetic acid filtrate was crystallised from dilute acetic 
acid and recrystallised from toluene in fine clusters of feathery 
needles, m.p. 195®. (Found: ^q. wt., 259*7; Cl, 26*8. CJnH,203Cl2 
requires Eq. wt., 263*0 ; Cl, 27*0 per cent.). The substance is 
soKible in acetic acid, acetone, benzene (hot), toluene (hot), ether, 
insoluble in petroleum ether. 

« Barium aalt is insoluble in water* [Found: B a, 20*5* (G^|- 
Hi 1 P 3 012 ) 2 ®^ P®**, 30*7 per cant.]. 

10 
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- ‘S-iiethyl-A-hydreay-d-carboxyphenyl-l-aceiic acid, (IX).~The re- 
daction product (Vin) was powdered and was added in small quan- 
tities to concentrated sulphuric acid. Hydrogen chloride was copi- 
ously evolved. The reaction mixture was properly shaken and 
heated and after 6 hours it was poured over ice-water when a yellow 
mass sepEurated. Crystallised from acetic acid and recrystallised 
from methyl alcohol in prismatic plates, m.p. 209° (m.p.200° in mix- 
ture with 2-hydroxy-3-methyl-6-carboxyphenyl-l-acetic acid, III). 
(Found: Eq. wt., 210*0 ; 0, 56*9 ; H, 4*6. CjoHjoOs requires Eq. 
MTto 210*0 ; C, 67*1 ; H, 4*7 percent,). 

Barium salt is insoluble in water. (Found: Ba, 39*7. GioHgOjBa 
requires Ba, 39*8 per cent.). 

Benzoyl derivative crystallised from methyl alcohol in needles, 
m.p. 170°. (Found: Eq. wt., 312*6. CiTHi^Og requires Eq. wt., 
814*0). 

4rHydroxy-5-meJthylphthalic acid, (IXa). — The phenylacetic acid 
(IX, m.p. 209°) (4 g.) was dissolved in dilute potassium hydroxide 
solution (200 0 . 0 ., 5 p. c.) and the liquid heated on the water- 
bath. Potassium permanganate (300 c.c., 2 p.c.) was slowly 

added. After heating for 6 hours the mixture was filtered from 
manganese dioxide, concentrated to small volume and acidified with 
sulphuric acid. The white mass that precipitated was washed several 
times and crystallised five times from hot water, m.p. 244-45°. 
(Found: Eq. wt., 195*7 ; C, 54*8 ; H, 4*1, CgHgO.^ requires Eq. 
wt., 196*0 ; C, 55*0 ; H, 4*0 per cent.). 

Barium salt is insoluble in water. (Found : Ba, 41*2. CgHcOjBa 
requires Ba, 41*4 per cent.). 

S-HydroxyA : 6-dimeth,ylbenzoic acid, (X). — The mixture of the 
phenylacetic acid (IX, m.p. 209°) (8 g.j and chloral (12 g.) with sul- 
phuric acid (225 c.c., 100 p.c.) was kept for 8 days. During this 
time continual effervescence was observed. A reddish yellow sub- 
stance separated on pouring over ice. This was collected and was 
found to be a mixture of two compounds A and B. 

. Separation of A. — The reddish yellow* mass was dissolved in a 
smair quantity of acetic acid (hot). On keeping a white mass 
settled down. This was collected, washed and dried, m.p. 130°. 
(The acetic acid mother liquor was kept for further treatment). The 
mass, (m.p. 130°) was dissolved in methyl alcohol which deposited a 
substance, m.p. 166°. This was crystallised from acetic acid and 
finally from toluene in concentric needles, m.p.- 170-71°. (Found.: 
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Eq. wt., 166‘9 ; C, 64 9 ; H, 6*0. C9H10O3 requires Eq. wt., 
166*0 ; C, 65*0 ; H, 6*0 per cent.). The substance is soluble in alco- 
hol* acetic acid, toluene (hot), benzene (hot), acetone, insoluble in 
petroleum ether, chloroform. Barium salt is insoluble in water. 
[Found : Ba, 29'2. (C9H903)2Ba requires Ba, 29'4 per cent.]. 

Acetyl derivative crystallised from a mixture of acetone and petroleum 
ether in needles, m.p. 134*. (Found: Eq. wt., 206’5. CHH12O4 
requires Eq. wt., 208). 

Separation of B [polymer of chloral (CC^CHO)^]. — The acetic 
acid mother liquor from A was diluted with water. A pasty mass 
obtained. The methyl alcohol and toluene mother liquors also 
yielded a yellow powder. All these substances were dissolved in 
acetic acid (hot) which deposited a mass, m.p. 115“ This was crys- 
tallised from methyl alcohol and finally from petroleum ether in 
' rectangular plates, m.p. 120*. The results of six chlorine estimations 
were not in close agreement only two are given. [Found: Cl, 71*47, 
72*56. (CCI;,CH:0)„ requires Cl, 72*2 per cent.]. The substance is 
very soluble in alcohol, acetic acid, acetone, benzene, toluene, 
sparingly soluble in petroleum ether. 

'Phe authors are grateful to Dr. T. S. Wheeler, Principal, 
Royal Institute of Science, Bombay and to Mr. R. C. Shah, M. Sc,, 
A.I.I.Sc., for their interest in the work. 
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Synthesis of 1 :2 :7-Trihydroxy-5-methylanthrone> 
8-cai^boxylic Acid. 

By Pbafulla Ki;mab Paul. 

In course of oxidation of coccinine {Annalen, 1916, 399. 1) the 
polyhydric phenol residue is lost, with the production of cocheoillic 
acid, to which the following constitution has been assigned by 
Dimroth from analytical standpoint and some of the reactions 
•of the acid. 

CH.., 

HOgC^ ■ 

HOgC'^OH 

COsH 

It was therefore of some interest to attempt synthesis of 
anthrones composed of a i»-cresotinic acid residue and a polyhydric 
phenol residue, which on oxidation may possibly produce cochenillic 
acid and thus definitely settle its constitution. 

With this end in view 3 :4 ;5-trimethoxy-l •.2-phthalide (Alim* 
chandani and Meldrum, J. Chcm.Soc., 1920, 117, 964), 6-methyl> 
3 :5-dimethoxy-l : 2-phthalide (Mitter, Sen and Paul, J. Indian 
Cham. 8oc., 1927, 4, 536) and 5 :6-dimethoxy-l ;2 phthalide 

(meconine) were condensed with ethyl methoxy-m-cresotinate in 
presence of aluminium chloride (King, J. Amcr. Chem, Soc., 1927, 
49, 563) and partially demethylated benzylbenzoic acid derivatives 
were obtained. The yield of these condensation products, was 
generally low, and they hardly undergo ring closure to yield anthrone 
derivatives. Only a very poor yield of anthrone derivative could 
be obtained from the condensation product of meconine and ethyl 
methoxy>ni-oresotinate which on demethylation with bydrobromic 
acid in glacial acetic acid gavo the following compound. 

CHa CH.J 

rrn 

HOV\/\/OH 
OH CO CO,H 


(I) 
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The quantity of 1 :2 :7-trihydroxy-6-methylanthrone-8-carboxylic 
acid (I) obtained was very small and no more than 0*5 g. of the 
substance could be subjected to the oxidising action of alkaline 
hydrogen peroxide {Ber., 1909, 42, 1625) from which no definite 
result could be obtained and so the following alternative scheme 
for the synthesis of (I) was adopted. 

Opianic acid was condensed with ethyl-ni-cresotinate in presence 
of 85 percent, sulphuric acid (Jacobson and Adam, J. Amcr. Chem. 
Soc,, 1925, 47, 2011). The condensation product was then hydro- 
lysed with 10 per cent, alcoholic potash and the product of 
hydrolysis completely reduced with zinc dust and 10 per cent^^ 
caustic soda solution. The benzylbenzoic acid derivative thus 
produced may have the alternative formulea given below. 



The neutral methoxymethyl ester was prepared and found to 
be identical with that prepared from the condensation product of 
meconine with ethyl methoxy-m-cresotinate, where condensation 
takes place mainly at the para-position to the OMe group of ethyl 
methoxy-m-cresotinate, as is evident from the ring closure of the 
benzylbenzoic acid derivative already mentioned. The identity of 
the benzylbenzoic acid derivatives prepared by alternative methods, 
leaves no room for doubt as to the constitution of the product 
being (II). 

A proper condition for ring closure of (II) to yield anthrone 
derivative has not yet been found and all attempts to that end 
have so far failed. 


Experimental, 

Condensation of meconine with ethyl methoxy-m-cresotinate.^^ 
Meconine (10 g.) and ethyl methoxy-m-cresotinate (10 g.) 
were dissolved in chloroform (50 c. c.) in a B. B. flask fitted 
up with a reflux condensert and anhydrous aluminium chloride 
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(10 g.) was added in two instalments and heated on the 
water-bath for 6 hours, when the reaction mixture turned into 
a deep brown homogeneous solution. A further quantity of 
aluminium chloride (15 g.) was then added and the heating 
continued for a further period of 20 hours. The reaction product 
was found to be deep red solid mass, which was then decomposed 
with ice-cold dilute hydrochloric acid and steam distilled to ensure 
the decomposition of the aluminium compound formed during the 
reaction. The reaction product was then cooled and extracted with 
ether and the ethereal extract washed repeatedly with sodiun^ bi- 
carbonate solution. The bicarbonate-wash on acidification with 
hydrochloric acid yielded the condensation product as a brown solid, 
which crystallised from glacial acetic acid, m. p. 207®, [Found: C, 
6116 ; H, 6*22; OMe, 9*60. Ci7Hie07 requires C, 61*45 ; H, 4*82; 
OMe (Mono), 9*33 per cent,]. 

Neutral meihoxymethyl ester of the above benzylbenzoic acid 
derivative was prepared by heating the same (1*6 g.) with sodium 
(0*6 g.) in methyl alcohol and methyl iodide (4 g.) in a sealed tube 
for 2 hours at 100®. It crystallised from methyl alcohol in stout 
neeSles, m. p, 98-99®. (Found: C, 04*57; H, 6*34. O21H24O7 
requires C, 64*94 ; H, 6*18 per cent.). 

Ring closure of the condensation product. — The condensation pro- 
duct was dissolved in chemically pure sulphuric acid (5 c.c.) to a deep 
red solution, and kept for 12 hours at ordinary temperature, when 
the colour of the solution changed to dirty green. It was then 
warmed at 66-70® for 10 minutes, when the colour changed, first 
from bottle green to deep green, then blue and ultimately bluish 
violet, when it was cooled and poured on to crushed ice. The 
solid reaction product which was black with a violet tinge was 
separated, dried and dissolved in ethyl acetate. The "deep red ethyl 
acetate extract was made free from tarry impurities by precipitat- 
ing them with petroleum ether, when a beautiful scarlet solution 
was obtained, which on concentration gave the reaction product 
as a pink powder. It crystallised from a large volume of benzene 
with a few drops of erthyl acetate in needles, m. p. 226®. 
(Found: 0, 64*67; H, 5*0. Ci7Hi40^j requires C, 64*97; H, 
4 "46 per cent ). 

1 :2 :7-Trihydroxy-5*mcthylanthrone-8-carboxylic acid, (1), — The 
product of ring closure (1 g.) (m, p, 225®), as described above was 
demethylated by heating with hydrobromic acid in glacial acetic 
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acid (15 c.o.) under reflux for 8*4 jtiours. The acetic acid was 
renaoved from the reaction product under reduced pressure in a 
desiccator over caustic potash, when the compound was obtained 
mixed, with some tarry matter, which was removed by fractional 
precipitation with benzene, from an ethyl acetate solution of the 
reaction product. The compound thus obtained was dissolved in 
least quantity of glacial acetic acid and allowed to stand in a desio* 
cator over caustic potash when it was obtained in crystalline condition, 
m. p. 355° (decomp.) with previous blackening between 245-50°. 
It di,aBolveB in alkali with a violet coloration which changes ultimately 
to deep brown. (Found : C, 63'84; H, 4'26. CigHsiOs require^ 
C, 64*0; H, 4*0 per cent.). 

Condengation of opianic acid with ethyl m-cresoiinate . — Opianic 
acid (14 g.) . was intimately mixed with ethyl m-cresotinate 
(12 g.) and to the mixture sulphuric acid (85 p. c., 40 c. c.) was 
added, when a light brown homogeneous solution resulted with 
slight rise in temperature. It was then allowed to stand at 
ordinary temperature for 6-7 hours and diluted with water, when 
the condensation product separated. It was then extracted with 
ether, the ethereal extract washed with sodium bicarbonate solutiUn, 
dried with calcium chloride and ether allowed to evaporate when the 
reaction product was obtained as a solid, crystallising from alcohol in 
needles, m. p. 93°. (Found: 0, 64*71; H, 5*71. C 2 oH 2 oC )7 re- 
quires C, 64*62; H. 6’88 per cent.). 

The corresponding acid was obtained by hydrolysing the condensa- 
tion product by heating with 6 times the required quantity of alco- 
holic potash under reflux on a water-bath for 3 hours. The reaction 
mixture was then diluted with half its volume of water, alcohol 
driven oft on a water-bath, cooled and acidified with hydrochloric 
acid, when a white solid separated. It crystallised from acetic acid, 
m. p. 255°. (Found: C, 62*44; H, 4*9. C,gHi607 requires C, 
62*79; H, 4*66 per cent.). 

The same compound was obtained by direct, condensation of opi- 
anic acid with m-cresotinic acid in presence of 85 p. c. sulphuric acid 
but it is not advantageous owing to the difficulty of separation of the 
required condensation product from the unreacted acids. 

Beneytbenzoic acid derivative, (II). — The reduction of the preced- 
ing compound (m. p. 255°) to the corresponding beuzylbenzoic acid 
derivative was achieved by boiling the same (10 g.) with fresh zinc 
duirti (80 g.) and caustic soda solution (10 p. c.. 200 c. c.) 
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vigorous mechanical stirring under reflux for 20 hours* When the 
reaction was over, the reaction mixture was cooled and filtered, the 
filtrate on acidification with hydrochloric acid gave the reduction 
product as a pasty mass, which soon solidified. It crystallised from 
glacial acetic acid in prisms, m. p. 183°. (Found: C, 62*06; H, 
5*62. O 18 H 18 O 7 requires C, G2*43; H, 5*2 per cent.). 

A. neutral VI ethoxy methyl ester of the benzylbenzoic acid deri- 
vative (m. p. 183°) was prepared in a similar way as that of the 
condensation product of meconine with ethyl methoxy-m-cresotinate. 
It crystallised from methyl alcohol, m. p. 101 °. (Found: C, 64*§2; 

6*46. C 21 H 24 .O 7 requires C, 64*94; H, 6*18 per cent.). The 

identity of the two neutral methoxymethyl esters was ensured by 
an observation of no depression in the melting point of an intimate 
mixture of the two. • 

Condensation of 3:4 :5-trimcthoxy-l :2-phthalide with ethyl rneih* 
oxy-m-cresotinate, — Equimolecular quantities of 3:4 : 5-trimethoxy- 
l: 2 -phthalide and ethyl methoxy-m-cresotinate in chiorofonn solution 
were iroaied with aluminium chloride, the procedure being the same 
as that used in the cas^e of the condensation of meconine with ethyl 
mothbxy m-crcsotitiatc. The compound crystallised in beautiful 
needles from benzene, m. p. 137°. (Found: C, 69*27; H, 5*11. 
require.s 0, 59*68; H, 4*97 per cent.). 

Condensation of 0 incthyl’3:5 dhnethoxy’l:2-phthalide tvifh ethyl 
mcthoxy-m-cresotwate, — The conden?*ation of equimolecular quantity 
of the phthalide and ethyl methoxy-m cresotinate was carried out 
in chloroform solution in presence of aluminium chloride as usual, 
only the heating on the water-bath was prolonged to 35 hours. The 
substance crystallised from u atcr with a little alcohol in beautiful 
white stout needles, m. p. 203-04°. (Found: O, 62*02; H, 6 * 68 . 
CiqHiq 07 requires C, 62 43; H, 5*2 per cent ). 

My grateful thanks arc duo to Prof. P. (\ Mitter for his kind 
interest in the investigation and for his giving me every facility to 
carry out the work. 

Chemical Laboratory, 

UNiVBnsiTY College of Science, " Received January 19, 1931. 

Calcutta. 
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Peroxidases, Part II. The Influence of the Concen- 
tration of Substrate (Hydroquinone), of Hydrogen 
Peroxide, Pa and other Factors on the 
Activity of the Peroxidase of 
Chow Chow (Sechium Bdule). 

By Biman Bihari Dev and Mayavaram Vasudeva Sitharaman. 

In the present paper several of the important factors which influ- 
ence the activities of peroxidases have been studied in detail, the 
peroxidase activities being determined by the method described pre- 
viously (J. Indian Chcni. Soc., 1931, 8, 479). The vegetable 

commonly known as Chow Chow (Scchiuni Ediilc S. TF., N. O. 
CucurbitacerD), is found to be extraordinarily rich in this enzyme, and 
all experiments recorded in this paper have been carried out with an 
enzyme extract prepared from this particular vegetable. Several 
attempts were made to prepare the enzymes both from the Jhinga 
(Luffa acutangula) and the chow chow fruits in as pure a condition as 
possible l)y the usual methods described by Willstiittar and Stoll 
{AnnaUn, 1018, 416, 21), bub a certain amount of rotting invariably 
set in during the preliminary process of soaking the thin slices of the 
vegetables in flowing water for several days, as recommended by these 
authors, for the purpose of removing the simpler products by dialysis 
through the cell walls tliemselves. A material which may be consi- 
dered to be an extract of the oxidising, enzymes practically free 
from all foreign matter, prepared by the method described below, 
has, however, been found to be very 8uital)le for the purposes of these 
investigations. The fresh vegetable, cut into very thin slices, is 
washed in running water for a few hours, and then made into pulp 
with an ordinary mutton chopper tinned on the inside and paraffined 
all over to prevent the sap from coming into contact with the metal. 
The pulp is gently squeo^^d through muslin bags, an average chow 
chow fruit, weighing about 250 g., yielding in this way 120-140 o.c* 
of a nearly colourless, and somewhat turbid liquid. This was now 
dialysed through a parchment bag in a tall beaker at 10®, in a 
refrigerator, the water to which a few drops of toluene had been add- 
ed being frequently replaced. The operation normally required 4 
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days at the end of which period the dialysed sap became clear and its 
o motic pressure had greatly diminished. It was now centrifuged 
to rem>ve all suspended particles, and finally filtered through paper 
pulp into a bottle containing a few drops of toluene, and preserved 
in ihe r jfrigerator. An extract prcpa-ad in this manner retained its 
peroxidise activity perf^tictly un mpiireJ and gave the same titre 
value with leoiaorin-i thi >sjlpti.4t^ even at the end vjf one m mth as 
when it was freshly male. Ta^ pa of th'S liquid, determined in all 
cases with the quinhydrono electrode, usually ranged between 4*5 and 
4*6, but in rare instances it has been found to go down as low as 4*33 
or rise as high as 4*86, 

The extract, in the case of chow chow, is found to contain the 
enzymes in a very concentrated form, and the normal reaction with 
hydroquinone proceeds so rapidly that equilibrium is attained almost 
immediately. * The undiluted sap could not therefore be used for 
the purpose of studying the kinetics of this oxidation reaction, and 
a few preliminary experiments had to be made to determine the 
precise concentration and volume of the enzyme solution which was 
most suitable for these studies. The course of the reaction was 
followed with (a) the undiluted sap, (b) the sap diluted with an equal 
volume of water, (c) sap diluted with three times its volume of 
water and (d) sap diluted with seven times its volume of water, 
corresponding respectively to the original, half, one-fourth, and one- 
eighth of the concentration of the enzyme in the sap. 


Fig 1. 



20 40 GO 70 

Time in min. 

(uodilated sap.) 


* In this preparation, the peroxidase was not contaminated with oxygenase as no 
oxidation was found to occur in the absence of hydrogen peroxide. 
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It would bo seen from the results given in Tables I and II that a 
dilution corresponding to a fourth of the enzyme concentration of 
the undiluted sap works must satisfactorily. A 16 minutes reaction 
period was found to he the most suitable, while a volume of 5 c.c. 
of the dilute enzyme- s olution which produced the maximum effect 
under the conditions of our experiments, was chosen in all cases. 
All reactants were measured directly from a refrigerator maintain- 


ing a constant temperature of 13®, 
I and II and in JFig. 1, 2 and 3. 

Fio. 2. 



- «o 
.O 


20 40 00 70 

Time in min. 

(Sap diluted with its own 
vol. of water.) 


The results are shown in Tables 


Fig. 3. 



(Sap diluted with 3 times 
its vol. of water.) 


Effect of the hydrogen peroxide concentration on peroxidase 
activity . — Bach {Ber., 1904, 87, 3737), Willstiltter and Weber {Anna- 
len, 1923, M9, 175) and Mann {Bioohem. J., 1931. 25, 918) have 
shown that excess of hydrogen peroxide inhibits the activity of the 
peroxidases, and in larger quantities, destroys it altogether, and in 
our experiments with the peroxidase of Luffa acutangula described 
previously, we have been able to confirm these conclusions. It is, 
therefore, essential to determine csirefully the proper concentration 
of hydrogen peroxide to be employed in each experiment which is 
calculated to prevent any -tdestruction of the enzyme, and at the 
samo time to produce the maximum effect. Several experiments 
were made in which the concentration of was varied, while 

all the other factors were kept constant. Tlie precipitated quinhy- 
drone was collected on a coarse Jena sintered glass filter and esti- 
mated volumetrioally according to the usual method. From the 
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results given in Table III and in Fig. 4, it will be evident that 
under the conditions of our experiments, the maximum activity is 


Fig. 4. 



1 % H2O2 in c.c. 

attained when the amount of hydrogen peroxide added 2 c.c. of 
1 p. c. strength (0*02 g. in IB c.c. of reaction mixture), and this con- 
centration of H 2 O 2 was therefore adhered to in ali the subsequent 
experiments. 

Effect of the concentratum of substrate at constant pn . — In the 
course of an interesting scries of experiments of an allied type on the 
peroxidase of horse-radish roots, Oetchell and Walton (J. Biol. 
Chem., 1931, 91, 419) have shown that at pn (3 and with 

pyrogallol substrate, the concentration of maximum activity is 10 dg. 
per 100 C.C., other conditions, stn^ngth of (he enzyme solu- 

tion, etc., remaining unaltered. The usual curve with mg, of 
purpurogallin plotted as ordinate and dg. of pyrogallol plotted as 
abscissa, shows apeak at 10 dg. and falls off rapidly after the con- 
centration has reached this limit. On account of the limited solubility 
of hydroquinone, it was not possible to carry on our experiments 
beyond a concentration of 4*6 per cent. A citrate buffer of pn 5*2, 
was used and a constant volume was added for each experiment. 
The hydroquinone was weighed out in each case, instead of adding 
it in solution, and the total volume of the reaction mixture was thus 
kept constant. The curve does not show any well defined peak, and 
the activity seems to remain constant when the concentration of 
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the substrate is between 0*25 and 0*35 at the total constant volume 
of 18 c.c. (c/. Table IV and Fig. 5). 


^0 h 



Fra. 5. 



0*1 0*2 0*3 0*4 0'5 0*6 

Hydroquinone in g. 


Aclivil y-pn relationHhip. — Mcllvaine's citrate buffer, providing a 
convenient range from pn 2*2 to pn 8*0, was prepared by using the 
purest citric acid crystals and sodium phosphate (Sorensen’s 
NaoHPO j, 2 H 2 O). 5 — G C.c. of the buffer were measured into a 50 

c.c. beaker, and 2 c.c. of 1 per cent, HgOg, 0*3 g. of hydroquinone 
and 5 c.c. of the enzyme solution successively added, the total 
volume being kept constant in each case. The reaction was 
stopped by adding 2 c.c. of 2A^-HC1. With hydroquinone subs- 
trate, the activity is perceptible even in N / 10 solutions of HCl 
with a pii of about 1"07. The optimum pn for the peroxi- 
dase of horse-radish has been given as 7 when pyrogallol is used 
as the substrate, while with guaiacol it lies between 5 and 5*2, 
and with o-cresol, between 3*5 and 3 {of. Bansi and Ucko, Z. 
physiol, Chcm., 1920, 169,1535). It can be seen from our results, 
that with the hydroquinone substrate, the maximum activity of chow 
chow peroxidase lies between 4*8 and 5*2 in the acid region, whether 
the raw or the dialysed sap is used. Wieland and Sutter (Be r., 
1928, 61, 1060), proceeding in a different way, find the optimum pn 
to be 4*6 for the oxygenase of Laciarius vcllercus (fungus) which 




PEROXIDASES 


505 


Butoxidises quinol with the production of hydrogen peroxide. Special 
precautions had to be taken to prevent the aerial oxidation of hydros 
guinone solutions which showed signs of oxidation by turning brown 
even when the ps just exceeded 6*6, and all experiments in the 
alkaline regions of pH and those approaching alkalinity were there- 
fore carried out with a current of nitrogen bubbling through the 
liquid. The results are summarised in Tables V, VI and VII, and 
in Fig. 6, 7 and 8. 

InhibiiUm of the reaction by HCl, and the influence of poisons like 
KCN and HgCl 2 , activity. — Experiments carried out in normal 

^H 010), decinormal (pn 107) and centinormal (pH 2*02) fiCl 
solutions showed that with dilute solutions of the enzyme the re- 
activity was practically nil. When, however, the enzyme solution 
was concentrated, e. g., when the undiluted sap was employed, the 
action was observed to be fairly rapid even in A’/lOO-HGl, In such 
cases, the reaction was found to be completely stopped only by the 
addition of 2 A' -HCl until the final solution had become approximately 
N /5 with respect to it. 

The activity of the enzyme is inhibited completely by KCN of 
M/K),000 concentration, while in solutions of A// 100,000 concentra- 
tion, the activity is almost unaffected. Mercuric chloride does 
not seem to have so marked an effect in poisoning the peroxidase ; 
under similar conditions, the peroxidase showed, signs of consider- 
able activity even after the addition of a solution of mercuric chloride 
of A// 1000 concentration. The results are given in Tables VIII 
and IX. 

Results. 

Table I. (c/. Fig. 1 — 3). 

To 7 c. c. of buffer (pn 5*6) was added 2 c. c. of 1% H^Og, 0*3 g. 
of hydroquinone, 5 c.c. of sap, and the reaction was stopped by the 
addition of 2 c.c. of 2A'-HC1 (Total vol., 16 c.c. at 13®). 

Time io min. ... 3 5 10 15 20 25 40 60 

N/ 10- Thiosulphate in c.c. 

-t 

(1) Undiluted sap ... 18T 18 1 18-9 18*85 18*85 18*85 18*86 18*85 

(2) Sap diluted with its 

own vol. of water ... 16*65 19 2 19*2 19*2 ... 19*2 19*2 19*2 

(3) Sap diluted with 
three times its vol. 

of water ... 6*6 10*15 15*4 17*7 19*26 19*2 19*1 19*2 

12 
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When (8) was left over night (16 hours) in the refrigeratoFi the 
value obtained was the same* viz., 19*20 c.c. The pH in the above 
experiments was maintained at 5*6. 

At pH 5'2» 5 c.c. of sap (1 :3) gave quinhydrone in a 15 minutes 
reaction period corresponding to 10*25 c.o. of thiosulphate, while 
under identical conditions, the same volume of sap (1 ;7) gave quin- 
hydrone corresponding to 4*62 c.Co showing thereby that the reaction 
is greatly slowed down by dilution. 

Table II. 

Experiments with varying quantities of enzyme solution (1:8) 
were made using 5 c.o. of buffer (pn 6*6) and 2 c.c. of 1 per cent. 

2 c.c. of 22V-HC1 being finally added to stop the reaction. 
In all the experiments the volume of the reaction mixture was 
16 c.p. and. of wt. hydroquinone, 0*3g. 

Vol. of sap (c.c.) ... 1 2 3 4 5 6 10 

Vd. of buffer ...6 . 5 5 6 6 5 uil 

Water (c.c.) ... 6 4 3 2 1 0 1 

JSr/lO-Thiosulpbate ... • 0-35 3*60 6*82 9*60 10*2 10*2 10*1 

It is evident that 6 c.c. of the sap, diluted in the above propor- 
tion, has the maximum effect under the conditions of experiment 
given above. 

Table III (c/. Fig. 4). 


Effect of variation in the concentration of H 2 O 2 (unbuffered). 


H,02. 

Hydro- 

quiuone. Vol. of sap. 

•2.A/-Acid to 
stop reac- 
tiOD. 

Water. 

iV/lO-Thio. 

sulphate. 

O'6o.o. a%) 

6 c.c. (4*4% ) 6 c.c. 

2 c.c. 

2*5 c.c. 

2*0 c.c. 




2-0 


10 


»i 

2*0 

4*60 

1-5 

ft t> 

ft 

1*5 

7*40 

20 

»f »* 

ft 

1*0 

9*70 

80 

*f •» 

ft 

0*0 

7*40 

2-Oc.c. (2%) 

6 c.c. 

f • 

1*0 

6*66 

2-8 

If 

ft 

0*6 

8*8 

8-0 


ft 

0*0 

8 *0 ‘ 

8*8 

ft ft 


0*0 

2*48 
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The maximum activity is attained with 2 o.o. of H 2 O 2 of 1% 
strength, and rapidly falls off afterwards. 

Table IV (c/. Fig. 5). 

The Pg having been kept constant at 5*2, the activity was measur- 
ed at different concentrations of hydroquinone» the latter being weighed 
out each time. The reaction mixture contained 6 c.c. buffer, 

5 c.c. sap, 2 c.c. of 1% H 2 O 2 , with 2 c.c. 2A'-HC1 which was 

finally added to stop the reaction. 

Wt. of hydroquinone ... 0 10 015 0*2 0*25 0*3 0*35 0'4 0*6 0*6 

AVlO-ThiosuIphate ... 4*10 8-65 9-56 10*0 10*2 10*4 9*85.9*75 8*65 

(c.c.) 

The activity is greatest when the amount of hydroquinone used 
is 0*35 g. and it can be taken to be almost the same for concen* 
trations of hydroquinone between 0*25 and 0*35 in a total volume of 
13 c.c. of the reaction mixture, excluding the volume of HCl added 
to strop the reaction. 

Activiiy-p relationships , — Three sets of experiments were carried 
n 

out with varying concentrations of hydroquinone for each set of 
experiments. 

Table V (c/. Fig 6). 

(1) 6 C.c. buffer, 2 c.c. 1% HgOg, 5 c.c. sap, diluted 4 times, 

0'3 g. hydroquinone with the final addition of 2 c.c. 2N-HC1 for 

stopping the reaction. 

n ... ‘2-4 2-8 3-3 4-0 4-8 5-2 6-6 6*4 7-2 8-0 

^ H 

N/lO-Thiosulphato ... 0 4 I'O 3-4 8 9 lO'l 9-86 lO'O 9-4 T3 8 6 

(c.c.) 

Table VI (c/. Fig. 7). 

t 

(2) 5 C.c. buffer, 5 c.c. H.Q (0*22 g.), 5 c.c. diluted sap and 

finally 2 c.c. 2V-HC1. 

... 2-4 28 8 2 4’0 4*8 6*2 66 8»« 7*2 6‘0 

m 

N/10-Thio«ulph»te ... 1-60 4-27 7*0 O'S 9’66 9-86 9*0 7«65 3-4 0*66 

(c.c.) 
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Table VII (c/ Fig. 8). . 

(3) 7 C.c. buffer, 2 c.c. H202« 0'3 g. H.Q. 5 c.c. sap (undiluted 
and undialysed), and finally 2 c.c. 2iV-HCl. 

p ... 2 4 2-8 3*2 4 0 4'8 :-2 O'O 6-8 7'2 7*6 8 0 

N/lO-Thiosol- 1-80 2-35 47 97 irS 171 16-05 13'3 9*6 6-05 2-8 

phata (c.c.) 

Influence of HCN and Hg Cl^. 

Tablk viir. 

(1) See also Table VI for the effect due to variation of ). 

Cone, of KCN in mclality ... 0*01 'OOl '0001 *00005 ‘000033 MK)001 nil. 

7-24 4*62 ... ... 

N/10- Thiosulphate (c.c.) ... nil "nil nil 2 90 6*00 9'8 9 8 


Table IX. 


Cone, of HgCl 2 . 


AVlO-ThiosuJphute. 

Activity of enzyme 
alone. 

Af/100 

• • 

7*85 

9*8 

M/IOOO 

3*<i 

9*25 

9*8 

M/10000 


9*7 

9*8 


Presidency College, 
Madras. 
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The Kinetics ol the Action of Ammonium Halides 
on Epichlorhydrin. 

SOBHANLAL BaNERJEE AND HeMENDRA KuMAB SEN. 

A preliminary note on the action of alkali and ammonium halides 
on cyclohexene oxide was published by Sen and Barat (J. Indfbn 
(3iem. Soc,, 1927, 4, 22) and subsequently, the kinetics of the 
action of epichlorhydrin Jind ethylene oxide were brought within 
the scope of investigation (Proceedings of the Indian^ Science 
* Congress, 1927, p. 148). While the work was in progress, Bronsted, 
Kilpatric and Kilpatric published the kinetics of ethylene oxides (J. 
Amer. Chem. Soc., 1029, 81 , 428) anticipating to a certain degree our 
results, although the experimental procedure and 1 he motive were 
different in the two sets of investigations. Bronsted's object in 
studying this reaction was to provide a test for his theory of velocity 
of ionic reactions, according to which the velocity should be given by 

/i = 7v-.Cox.Ch30. CcT./2 

where C'b indicate the concentrations of the reacting molecules (the 
oxide being electrically neutral), and f, the activity coeflkdeiit of a 
univalent ion {loc, cit.). There is no doubt that this is a most 
generalised way of looking at chemical reactions, and the large mass 
of experimental data brought forward by these authors justify their 
point of view. We have, on the other hand, approached the inter- 
action of ethylene oxides with salts from the classical orthodox point 
of view, and have discarded the hitherto believed basic nature of 
these oxides and have proved that the so-called basicity which was 
inferred from their power of precipitating oxides of certain metals, 
is only the result of their combination with the anion and the cation 
of the acid, the salt of which’^s brought into reaction. Indeed, the 
Velocity of interaction between these oxides and the salts (haloids), 
is faster according as there is greater tendency for the forma- 
tion of the particular halohydrin. Thus, the rates of reaction 
between chlorides, bromides and iodides with say, epichlorhydrin, 
are in the order iodide>bromide>chloride. Whilst Bronsted and 
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Kilpatrics (ioc. cit.) mainta^ that 'the addition of acids exhibited 
by the ethylene oxides, is kinetically only to a minor extent the 
reason of their apparent basicity', we find* however, that the net 
result of the action of salt on these oxides, is the addition of acid, 
whatever may be the scheme of reaction. Now, the ability of a 
substance to add an acid is, by no means, a feature characteristic 
of bases. ‘Bases are characterised by adding protone. Taking up 
the whole of an acid molecule, is something quite different from the 
basic function ; it depends upon the anion of the acid in an individual 
manner and need not have any rehition to the strength of the acid 
added' (Bronsted and Kilpatrics, loc, cit.). In fact this is what 
also have expressed in our preliminary notes when we have stated 
that potassium iodide is greater in reactivity than potassium bromide 
which again is greater in reactivity than potassium chloride with 
regard to these oxides. 

Whether the interaction of acids leading to the addition to the 
oxides is fundamentally different from the action of their respective 
salts, is however not yet clear, because the mechanisms in the two 
reactions may not be the same. Thus, according to Bronsted, the 
addition of the acid through the salt and the addition of acid per $e 
are represented by the two ionic equations : 


CH^v 

>0 + CI- + HoO — 

CH„C 1 

^1 +OH- 

(III) 

CHg-' 


CHgOH 

CHav 

^0 + 01“ + 

CHgCl 

-»| +H3O. 

(IV) 


CH3OH 



This would evidently, so far as the velocity is concerned, involve 
according to reaction III, the individual characteristic of the anion, 
whereas in equation IV, the strength of the H-ion plays the important 
part. Hence, considered separately, the nature of the salt effect 
and the acid effect may not be the same. In fact, according to 
Bronsted although the strongest of all electrically neutral acids 
viz., perchloric acid, does not react with ethylene oxides in 
the same way as do the hydro-halogen acids, yet in this group 
the addition velocity increases with the strength. In the following 
work, it is the salt effect of the ammonium halides that has 
been principally investigated. First, because the indicator method 
of titrating at a constant pH could only be oorrect for very low 
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concentrations of salts (in our case moderate to high concentrations 
have been used), and secondly, becail^e whilst halogen salts of 
strong bases like potassium and sodium w’ould give rise to strong 
bases capable of initiating the reverse reaction of reconverting the 
hydrins into oxides, ammonia is powerless to do so. In short, 
stating in Bronsted^s terms, our investigations have been restricted 
to reaction III, with this distinction, however, that it is the three 
ammonium halides that have been investigated as regards their 
reactivity with these oxides. The usual method of following the salt 
effect in our case has been the estimation of ammonia generated with 
t|jp lapse of time, the indicator used being at first methyl 
orange but later Wisslow's indicator (mixture of methyl red and 
methyl blue) and N/lOO-sulphuric acid. 

It should be noted here that at such high concentrations •of >salts 
*e,g , 0*4 mol per litre, the phenomenon of spontaneous glycolisation 
and that of its acceleration by H ion catalysis though measurable^ 
are not of much consequence, as approximately 00% conversion of 
the oxide into chlorhydrins, has been reached w^ithin a comparatively 
short period. Ammonia is the measure of the cblorhydrin produced 
and nbt of the glycolisation. 

In conformity with the original object of this investigation, the 
action of yeast on these oxides in a fermenting sugar solution was also 
investigated, with the result that the presence of reaction II (Joe. cit,) 


CHov CH2 ~DH 

1 )0 + H«0— >1 

^ CH3-OH 


(II) 


glycolisation was confirmed, yeast being a hydrolytic enzyme. 
Thus, ryclobcxene oxide when allowed to be in contact with a 
fermenting sugar solution gave cyclohexane-diol in practically 
quantitative yield, whilst the same with water gave the dioi only at 
elevated temperatures, but that also in small quantities, indicating 
the comparatively small influence of reaction II in our experiments. 

In order to ascertain whether the interaction of epichlorhydrin 
with ammonium halides is esatntially different from the interaction 
of halogen acids with epichlorhydrin, experiments were performed 
with various strengths of hydrochloric acid, but in all cases the re- 
action was incomparably faster than the interaction of the 
ammonium halide. Thus 0 04M epichlorhydrin reacted with 
1*2 M ammouium chloride to the extent oi 85% in 5 hours 
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whereas hydrochloric acid of similar strength (1'08M) reacted 
practically to completion in 5 minutes. A distinction however is 
noticed in the interaction of halogen acids (HCl investigated) with 
epichlorhydrin, where, with increased concentrations of acid, two 
molecules of HCl interact in the following way : 


CH2CI 



CH2CI 

I +HC1 

+ HC1 > CHOH > 

I 

CH2CI 


CH2CI 

CHCl 

I 

CHaCl 


The addition of hydrochloric acid of different strengths on epichlor- 
hydrin, was investigated quantitatively, not conductometrically but 
volumeti^ically in the following way : A solution of the oxide was 
mixed rapidly with a hydrochloric acid solution of known volume and 
known strength. After every 5 minutes or | hour as the case may 
be, a known volume was pipetted off and treated with a weighed quanti- 
ty of pure precipitated calcium carbonate of which the strength was 
previously ascertained from the stock bott’e. After neutralisation of 
the remaining acid, the residual calcium carbonate was washed on a 
filter paper thoroughly, dissolved in a known amount of hydrochloric acid 
of known strength and the excess determined c^s usual. The difference 
between the acid equivalent of the total amount of carbonate taken 
and this later, gave the amount of hydrochloric acid in excess not 
added on to the oxide during-the period considered. With a little 
practice, several experiments could be conducted in course of the 
working hours. This method has a decided advantage over Smith’s 
method of estimating chlorhydrins (by heating with alkali and 
then titrating the ionically obtained chlorine with silver nitrate) for 
reason of its very simplicity ; besides, treatment with alkali for 
several hours in a sealed flask at 70® is also obviated (Smith, Wode, 
Widhe, Z. Phys Chem,, 1927, 130 . 154). 


Addition of Hydrochloric Acid to Epichlorhydrin. 

To 260 c.c. water 12*16 c.c. of HCl (d 1*19) were added. To 
126 c.c of this solution, an alcoholic solution of 0*4626 g. of epichlor- 
hydrin was added and the whole kept at 36®, At intervals of 6 minutes 
the concentration of the acid was determined in the following way 
by withdrawing 10 c.c* portions of the reaction mixture. 
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To 10 0 . 0 . of the reaction mixture, 0'5 g. of CaCOg (the acid 
equivalent of which was previously determined) was added, the excess 
of the carbonate was then filtered off, washed thoroughly on the filter 
paper, and dissolved in a known excess of HCl of known strength, 
and the excess acid determined against N-NajjCO;, solution. 

Volumetrically it was found previously that 10 c.c. of the acid 
solution contained 0*208 g. of HCl, (molarity of the aoid=0 *67) 
O-fig. of CaCOg = 9 *876 c.c. of N-HCl 

After 5 minutes : 

• Besidual CaCOg + 5 c.c. of 2N-HC1 solution =* 6*1 c. c of 
iV-NagCOg ; 6 c.c. of 22V^-HC1 = 10*8 c.c. of N-NajCOa solution. 

.*. Residual OaCO , = 10*8 — 6*1 = 4*7 c.c. of 2V-HC1 solution. 

Cai^O^ used up by the acid present in 10 c.c. of the reaction 
mixture in 5 min. =0 875 -4-7 == 5 175 c.c. of .V-HCl =*01889 g. 
of HCl. 

Acid originally present in 10 c.c. = 0*208 g. 

Acid used up in 5 minutes by the epichloi hydrin present in 
10 e.Q. of the reaction mixture =0*208 — 0*1889 = 0*0191 g. 

Molarity of the acid used up = 0*052, molarity of epichlorhy- 
drin = 0*04. 

/. 1 Mol. of epichiorhydrin combines with 1*3 mol. of acid. 
After 10 minutes : 

Besidual CaCo3+5 c.c, of 2N-HCI solution = 6’1 c.c. of 
N-NagCOa solution no change from the first reading. 

After 15 minutes : 

No change from the first reading. 

Besults of similar experiments with different concentrations of 
hydrochloric acid are given in the following table. The concentra- 

\JX C7pjlV;jJllL/X Al J \4JL JU WOO V/ V.-**..* *** 


CoDO. HCK 

0*57 M 
1*08 M 
1*61 M 
0-1 M 

13 


t Table I. 

No. of mds of HCl 

HCl used up. 

combining with 1 mol 
of epichiorhydrin. 

0*0ft2 

1*8 

0*08 

20 

0*076 

1-876 

00186 

0*886 
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Calculation of Velocity Constants, 

Ab the temperature coefficients of these reactions were very large, 
care was taken to ensure the maiotenance of the temperature of the 
thermostat within 0 005® and 0*01®. This was accomplished by 
electrical relays, and with a little care, it was found quite simple to 
secure such constancy for hours together without much attention. 
This was all the more necessary in order to exclude the difference in 
the values of velocity constants in the same set of experiments as 
arising from temperature variations. It must be stated in the very 
beginning that the caJculation of the velocity constants presented 
serious difficulties, as these constants, whichever equation was taken 
as the basis for calculation, were not satisfactorily concordant. To 
take as sjo example, the velocity constants of the interaction between 
epichlorhydrin and ammonium chloride in molar concentrations of 
0*04 and 0*4 respectively when calculated according to mono- 
molecular, a pseudo-monomolecular and a bioinolecular equation, 
gave the following results. 


Table II. 


used up. 

ii'=^ log aja-x. K = 

I , 

- log aja-x. 

^.^ 1 . log 

6(0 — x) 
a{h^x) 



A 

— ^ 

B 

C 

D 


1 

hr. 2-916 

0-0034 

0*00125 

000312 

O 00313 


2 

4-890 

0-0030 

0*00108 

0*0027 

Q‘0O30 


3 

7-019 

0-0032 

0*00106 

3-U0265 

0*00269 


4 

8-817 

0-0034 

0*00103 

0*00267 

0*00261 


6 

10-709 

0 0034 

0*00103 

0*00267 

0*00263 


24 

15-797 






In 

B, C, and 

D, a 

stands for 

the molar 

concentration 

of the 


epichlorhydrin, and in A, a stands for. the molar concentration 
corresponding to the total quantity of the epichlorhydrin actually 
used up at equilibrium^ that is to say. if 0*04 molecule of epichlor- 
hydrin is equivalent to a: c.c. of N/IOO-H 2 SO 4 , and if at the end 
of the reaction, the total quantity of epichlorhydrin used up corres- 
ponds to 2 / c.c. of sulphuric acid, under the column A, instead of 
using X c.c. as the active mass, * y ’ the maximum titration value 
at equilibrium has been used. The use of this value of a has given 
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the most concordant values of velocity constants, calculated as a 
pure mononiolecular reaction, which however is irreconcilable in 
view of the fact that the velocity constants vary with the concentra- 
tion, and hence the reaction could by no means be considered a 
monomolecular one, but at best could be regarded as pseudo- 
monoraolecular. The means of very closely agreeing constants are 
given in Tal)le IV. There are, however, reasons to favour the adop- 
tion of the maximum titration figure as being the value of the initial 
active mass, so far as this particular reaction is concerned. Firstly, a 
sort of hydration of the oxide may remove a part of the epichlorhydrin 
^rom the sphere of direct reaction with the ammonium salts; 
secondly, other influences leading to hydration as indicated by reac- 
tion IT, may be simultjmeously acting, and as the rapidity of such 
hydroxy I ation in the presence of H ion is great, the active mass of 
epichlorhydriii actually available for reaction HI, is naturally smaller 
than the initial molar quantity. One notices, however, that all 
these equations give a certain amount of agreement pointing to the 
bimolf^cular nature of the reaction involved, the variations being 
explained by the side reactions coming into force amongst which the 
salt effect is the most important. 

One can view the whole scheme of reaction from a different point 
without materially affecting the explanation adduced above. This is 
based upon the hydrolysis of the ammonium salts in aqueous solution. 
The minute quantity of halogen acid which is generated thereby, is 
taken up by the oxide leading to further hydrolysis of the ammonium 
halide. In this way the concentration of free ammonia increases in 
the solution depending obviously on the velocity of ammonia libera- 
tion and the velocity of the halogen acid addition to the oxide itself. 
This explains the quicker evolution of ammonia with ammonium 
bromide and quickest in the case of ammonium iodide- Now, with 
the increase of ammonium ion in the solution, the hydrolysis of the 
ammonium halides will naturally be arrested after a time said 
probably this marks off the stage of equilibrium and maximum 
titration. With practically no hydrochloric acid in the solution, the 
conversion of ammonium cffloride into ammonia may be regarded as 
a process of hydrolysis in the presence of a large excess of solvent, 
water. This way of regarding the scheme of reaction just lends a 
sort of support to the monomolec^ular values. 

But a most generallised way of looking at the mechanism of 
the reaction would be not to regard it as arising out of the hydrolysis 
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o£ tuxuaonium BsJts but of the H-ion oondition of the solution. 
Thus a solution of potassium chloride which has an initial pn 6*4, 
on treatment with epichlorhydrin, within a few minutes showed 
a Pb value, 9. In fact, if the Pb value be not allowed to reach the 
equilibrium value 9, by slowly neutralising the alkali as fast as it 
is formed, practically the whole of the potassium chloride could be 
decomposed corresponding to the epichlorhydrin present, and constants 
agreeing with the true bimoleoular equation are obtained (of. 
Bronsted, loc. cit.). In our titrations, no attempt was made in the 
beginning to keep the H-ion concentration constant, and hence no 
really concordant values for the constants fitting with the bimoleculav 
equation could be obtained. The only constancy noticed under our 
experimental conditions was obtained by substituting our results 
to the follcwing equation. 


K = 



^ X 


where equilibrium concentration of alkali; f — x = the diSerepcc 
between equilibrium concentration and observed concentration of the 
alkali. 

This feature of the reaction has been observed throughout the 
whole series of experiments (Table III) although no attention was paid 
to the maintenance of a constant pn value of the reacting medium, 
the observance of which gave 'Bronsted and Kilpatricks true 
bimolecular constants. It should be noted, however, that these 
investigators were working at considerably lower dilutions than in 
our case. Keeping a constant H-ion concentration in the ammonium 
halide solutions (these were not investigated by ' BrOnsted), we 
obtained good bimolecular constants (Tables VI — IX). This would 
show that whatever may be the salt taken, a true bimolecular 
reaction takes place only when the ps valpe of the partioulur react- 
ing solution is kept constant. This is not anti^onistio to the fact 
that different anions have different tendencies of addition on epi- 
ehlorhydrin. 

From a perusal of the values of the constants obtained below by 
using the maximum titration at equilibrium as the active mass of 
^iphlothydrin with varying molecular conoentratio&s of 
halides, it is noticed that over a range of 2-5 (md. cone, of 
ammmiium halide, when the oxide is one) in the ease of 
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ohloride and bromide (Table IV), there is praeticaily no change in the 
velocity constant* In the case of ammonium iodide, however, the 
change in the value of velocity constants is noticeable for every 
change in its concentration. With higher concentrations of any of 
these ammonium halides, there is a steady rise and there is 
irregularity in the value of the constants. But the velocity is 
considerably increased with the rise in the concentration (Table V). 
There is thus a positive salt effect. Constant pm values were main* 
tained by following Bronsted's experimental method (loc. cit. 
p. 441). 


Table III. 


Epichlorhydrin : NH 4 CI = 1 mol : 1 mol. ~ *04 mol. : *04 Mol. 


Time. 

V/ 100- H, 804 

• 

V'aiue of *K* with 'a* as 

assd up. 

masimuni titrstion 
value at eqailibriuin. 

1 hr. 

0*409 c. c. 

0*000656 

2 

0-727 

0-000669 

3 

0-9^)9 

0*000682 

4 

1*182 

0-C00655 

6 

1*865 

0*000658 

6 

1*69 

0*00072 

24 

3*895 





TABI.B IV. 




Cone, epichlorhydrin =0'04W 

Tenop. =36*. 

Cone. NH4CI 


0-OBM 0'12Af 


0 16M 0-2Af 

K 

... 

0*00295 0*0029 


000284 *0080 

C ooe. KB4Br 

0*04A# 

008M 0.12Ar 


O-SJIf 

K 

0*0227 

0*0213 0*024 


0*026 0*246 

Gone. NH4I 

... — 

0-08M 0-12Af 


0*16Ar 

K 



0-0442 ^ 0*0467 


0*0496 



Table V. 



Cone. NH4CI 

•*. 

0*4Af 0*8Af 

1*2M 

2M 

K 



0*0088 0*00492 

0-00956 0*00916 

Coao. KHiBr 


0*4M — 

1-2M 

3Jur 

ir 

•*« 

0*0174 

0*088 

o*ous 

Coco. NH4I 

... o*«*r 

0-4M oeM 


iur 

X 

... 0*0688 

(rom 0*1U7 


0^4 
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Table VI. 


Table VII. 


Kpichlorh^^drin : AmCl — 0*04 mol =» 0*04 
mol. Temp. 30®. ph*4*6. 

Time in ^ ^ 

Epichlorhvd 

Time in 

rin :AiiiBr~0*04 mol ;00*4 mol. 

mins. 

.V/20. Per- K 
chloric acid 
taken up. 

t a{a--x) 

mins. 

AVlOlVr. 
chloric acid 
need up. 

^ ^ i. _ X 

t a(a’-x) 

8 

0*091 c.c. 

0*000355 

11 

0*28 

0*00159 

IS 

0113 

0*000271 

15 

0*418 

0*0/174 

24 

0*181 

0 iX)0236 

21 

0*476 

(VCK^HS 

28 

0*208 

0*00(>23*2 

26 

0*544 

0*00130 

.32 

0*233 

0*000227 

31 

0*640 

0*00129 

37 

0*261 

0*000220 

37 

0*750 

0*00126 

45 

0*332 

o-mmo 

40 

0*812 

0*0012f» 

49 

0*356 

0*000227 

45 

O'sao 

0*00122 

65 

0*392 

0*000223 

51 

10.37 

000127 

58 

0*415 

0*000223 

55 

1*112 

0*t *0126 

.63 

0*466 

0*000231 

60 

1*170 

0*00122 

67 

0*482 

0*000*225 

65 

r*2o.5 

0 00125 , 

72 

77 

0*508 

0*550 

0*000220 

0.000229 

70 

1 

0*(X)121 


Table VIII. 

EpichlorhjcIriD :ArnBr«'0 04 mol :0'1G inol.| 



Temp. 31* pH *3*6. 


Time in 
mins. 

JV/l0.Per. 
chloric acid 

1 X 

tia-b) 


naed np. 


loj 

b(a-») 

^ a{h-x) 

6 

0*57 6c.c. 

0*00127 

13 

1*266 

0*00132 

18 

1*740 

0*00128 

26 

2*806 

0*00130 

30 

2*705 

0*00134 

36 

3.620 

0 00133 

41 

8 740 

0*00135 

46 

4*390 

0*00134 

63 

6*100 

0*00137 

62 

6*580 

0*00133 

66 

6000 

0*00132 

72 

6*822 

0*00138 

76 

6*625 

0*00184 

80 

6*854 

0*00134 


Table IX. 

Epichlorliydrin :AmCl«=0'Ui : 0*8 moL 



N/4. Per- 
chloric acid K 

1 

X 


uaeii up. 

i (a-h) 



tog^Jfr^L 

^a(b-x) 

14 

0*72 c.c. 

(>’0(X)H6T 

21 

1*00 

0-0i»a)74 

26 

1*291 

0 0003^*3 

28 

1*410 

0'(X>»3fi9 

35 

rf>7(> 

U’ti0(i37l 

39 

1*875 

<»‘000366 

43 

2*000 

0(»00.36e 

47 

2*182 

OfHxiaco 

53 

2*470 

O-OCK' 6.5 

57 

2*646 

00(X)366 

64 

2*960 

0 000804 

68 

3100 

0 000360 

.72 

3 320 

0-000361 


We gratefully acknowledge our indebtednesB to MessrH. Chitta- 
ranjan Barat, M.8c., and Patitpaban Pal, M. Sc., who were associated 
jvith tbe earlier part of this work. 
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New oonoeptions in Bioohemlstry— By Prof. N. B. Dhar. 

Published by the Indiao Drug House, Allahabad, India, 1932. 

In the preface, the author states “The dominant idea in the book 
is that several diseases are due to lack of a proper and balansed 
tfeidation of the three classes of food materials, the carbohydrates, 
fats, and proteins. The exaggerated oxidation of one of the three 
classes of food material in preference to the other two may lead to 
the incidence of several diseases. The author has ventured tb include 
in the list of raetabotisin diseases even such ailments as rickets, 
pillagra, beri-beri, scurvy, special cases of diarrhoea, and cancer." 
'I'his is a very interesting hypothesis and the author has been able to 
produce a con.siderable amount of evidence which is in qualitative 
agreement with his views. The author has also incorporated in the 
book a large amount of experimental material obtained in his labora- 
tory on the oxidation of various kinds of food materials in vitro 
in presence of catalysts and sunlight. It is rather risky to push too 
far (he analogy of chemical processes which take place in vitro into 
t he domain of metabolic processes in living beings, but there is no 
doubt that such experimental results may give valuable indications 
of the nature of many mysterious life processes. The book is a very 
suggestive one and research workers engaged in acquiring new 
knowledge in this field, would find it well worth careful perusal. 


J. C. G. 




Studies in Flnorenone. Part 11. 


By Anukcl Ghanoiu SincAR and Esbitisb Cbandra 
Bbattacbahyva. 

Id the first paper in this series published under the caption 
“ Attempts to prepare dyes from fiuorenone ” (7. Indian Chem. Soc., 
1931, 8> 637), a number of fiuorenoDe-2-azomethiDe, fiuorenone- azo, 
and fiuorenonylainide derivatives were described. * 

* The present paper deals mainly with the preparation of bisazo- 
compounds obtained by dia/otising 2 ;7-diaminofiuorenone and coupl- 
ing the diazu-salt with various phenols and amines, e. g., phenol, 
.resorcinol, salicylic acid, /I-naphihol, 2-hydroxy-3-naphthoic acid, 
l-naphthylaraine-4-sulphonic acid, l-n.aphthol-4-sulphonic acid, E- 
acid (2-naphthol-3 ;0-disulphonic acid), (i-acid (2-naphthol-G:8-di- 
sulphonio acid), Clevo’s acid (1-naphthylamine-C-sulphonic acid), Lau- 
rent’s acid (l-naphthylamine-5-sulphonic acid), H-acid (1-hydroxy- 
8 amiponaphthalene-3 :6-disulphonic acid), Schaffer’s acid (2-naph- 
thol-6-6ulphonic acid),‘y-acid (2-amino-8-naphthol-6 sulphonic acid), 
Chromotropic acid (I ;8-dihydro-\ynaphthalene-3 ;6-disulphoDic acid) 
and dimethylaniline. 

Of the bisazo derivatives mentioned al>ove, those with phenol^ 
salicylic acid, 2-hydroxy-3-naphthoic acid and dimethylaniline form 
well defined crystals. The rest were obtained as amorphous or mi- 
crocrystalline powder. The bisazo dyes are substantive to cotton 
but a few of them are not absorbt'd by cotton satisfactorily and even 
when absorbed the shade's are not full. They also dye wool evenly 
from one per cent, sulphuric acid bath but shades on wool are invari- 
ably somewhat lighter than their shades on cotton. 

Chanussot (Anal, .dssoc. Quim. Argentina, 1927, 16, .'>) obtained 
2-iodofiuorenone (m. p. 143-44°) by the oxidation of 2-iodofiuorene. 

2-Iodofiuorenone has now been prepared from 2-aminofiuorenone 
via diazo-reaction. -t 

All attempts to obtain 2 :2'-difluorenonyl by the action of copper 
powder (Natur Kupfer C) on 2-iodofluorenone in nitrobenzene or 
in a sealed tube at temperatures varying from 150° to 850° were 
unsuccessful. Similar failure to obtain 2 : 2'-difiuorenyl from 2-iodo- 
fluorene has been recorded by Korozynski, Karlowaska and 
Kierzek {Butt. Soc. chim^ 1927, fl, 65). 
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EXPBBnONTAI,. 

2-Iodofiuor6none. — ^2<Aminofiuorenone was diazotised (DmIb, 
Beu, 1901, 81 , 1764) and to this cold diazo solution an excess of 
potassium iodide solution gradually added with ocntinuous stirring. 
The mixture was then allowed to remain at the ordinary temperature 
for about 1 hour and then cautiously warmed until there was 
no more evolution of nitrogen. The excess of iodine was now 
removed by sodium thiosulphate and the mixture allowed to stand 
overnight in a freezing mixture. Next day the separated solid was 
filtered and repeatedly washed with water. The residue was pmified 
by crystallisation from dilute alcohol. This operation was repeated 
thrice when finally the iodo compound was obtained as yellow needles, 
m. p. l44“. (Found: I, 41 ‘8. 0^^3701 requires I, 41'6 per cent.). 

Preparation of the flu6renone-2:7-bi8azo derivatives.-— 2:7 
minofluorenone (Schmidt, Betzlaff and Haid, Annalen, 1912, 890 , 
210) was converted into the hydrochloride by warming with excess 
of concentrated hydrochloric acid. The clear solution was diluted and 
cooled to about 0”. The amine was tetrazotised in the usual way 
with the calculated quantity of sodium nitrite. After the diazotisa- 
tlon was complete the solution was quite clear and gave a slight 
reaction with iodised starch paper. The phenolic or basic constituents 
were then coupled with the tetrazo-salt in the usual way 
as with the tetrazo-salt of benzidine. The completion of 
coupling required from 24 to 41 hours, during which time the 
mixture was stirred at intervals. The dye stuff was then precipitated 
by the addition of acid or alkali, washed and purified. None of them 
melts below 290”. They give characteristic colour reactions with 
oonoratrated sulphuric acid, from which water precipitates them 
unchanged. 

The bisazo derivatives obtained are described in the following 
tables. 
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. Studies in Heterocyclic Compounds, Purt II 

By Andkdl Chandra Sircar and Indu B^dsan Pal. 


In the first communication in this series (J, Indian Chem. Soc., 
1926, 2, 812) Sircar and De studied the properties of the dihetero- 
cyclio compounds obtained from 2 :3-diaminophenazine (Ullmann 
^ and Mauthner, Ber., 1902, 35, 4302). In ail the compounds described 
the two dissimilar heterocyclic nuclei were separated by a benzene 
ring, e,g., 4 :6-phcnazino-2'pbenylimmazole. 




The present investigation is a continuation of the work of Sircar 
and De (ioc. cit.) and was undertaken with the object of studying 
bow in compounds containing two dissimilar odjacent heterocyclic 
rings in their molecules, the properties of the different heterocyclic 
nuclei are affected by cme another and how the properties of such 
compounds differ from those of the corresponding compounds in 
which the two heterocyclic rings are separated by a benzene ring. 

a/3-Diaminoquinox aline (Bladin, Ber., 1885, 18 , 72), which already 
contains an azine ring was chosen as the starting material. The idea 
was to prepare di heterocyclic compounds through the two ortho- 
amino groups and to study the properties of the resulting bodies in 
the manner indicated before. 

With this object a/3-diaminoquinoxalinc has been condensed with 
phthalic, naphthalic, camphoric and diphenic anhydrides and the 
O'benzoylene-, o-naphthoylene-, o*camphoroylene-, o-diphenoylene-a/l* 
quinoxalinoiminazoles are obtained. 

The quinoxaline has alap been condensed in the presence of a 
solvent with a number of aldehydes and the following inunazoles have 
been prepared : 4:6-quinoxalino-2-phenylinainazoJe, 4'-methyl-, 
4'-nitro-, 2'-hydroxy-, 3'-nitro-, 2': 4'-dihydroxy-, d'-methoxy,* 
•4'-dimethylamino-4 ; 5-quinoxalino-2<phenyUminazole8, and 4:5- 
quinLOxalino‘2*furfuryliminazole. 
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If the condensations are carried out in the absence of any solvent 
iminazoles of the above type are not formed, but N-substituted 
ixninazoles (c/. Ladenburg, Ber., 1878, 11, 690, 1648; Hinsberg, 
1886, 19, 2025 ; 1887, 20, 1685) are obtained by the condensation of 
one molecule of the diamine with two molecules of the aldehyde 
with the liberation of two molecules of water. 

The following have been prepared in that way : 4 :5-quinoxalino- 

1- benzyl-2-phenyliminazole, 4 :5-quinoxalino-l-o-hydroxybenzyl-2-o- 
hydroxyphenyliminazole, and 4 :6-quinoxalino-l-p-methoxybenzyl- 

2- p-methoxyphenyliminazole. 

From the study of the properties of the complex heterocyclic 
compounds described it is found that in them, in most cases, the pro** 
perties of the corresponding simpler heterocyclic bodies are to some 
extent modified. For example, the complex iminazoles are much 
less soluble in the commoner organic solvents than the corresponding 
simpler iminazoles, obtained from o-phenylenediamine. Again 
from a comparison of the properties of the heterocyclic compounds 
in which the two hetero-rings are adjacent to one another with those 
of the corresponding compounds obtained from 2 :3-diaminophenazine 
(Sircar and De, loc, off.), in which the two hetero-rings are separated 
by a benzene nucleus, it is found that in some of the properties there 
is a marked difference between the compounds of the two series, r.gr., 
the colours of the compounds of the former type are invariably 
lighter than those of the compounds of the latter typo. A compara- 
tive statement of the colours of compounds of the two types is given 
below. 


NameB of the compounds. 

Colour. 

C o-Benzcylene-aa-quinozaHnoimin azole 
( 2 iS-phenaziDoiminazole 

Very light yellow 
Bright yellow 

r o-Naphtboylene-ajS-guinoxaliDoiojinazole 
( „ ,, -2 ; S-phenazino- „ 

Yellow 

Bright yellow 

C o-Camphoroylene-aa-quinoxalino- ,, 

([ ,, ,, 2 : S-phenazino- ,, 

Light dirty yellow 
Yellow 

C 4 : 5-QuinoxaliDo-2-pheDyliminazole 
i 4 : 5-FheDazino- „ „ 

Yellow 

Shining brown red 

( 8 -Nitro>4 : 5-qainoxaIiiio-2-pbeziyllmmazole 
[ „ „ 4 : 5-ph6nazino- „ 

Yellowish white 
Orange yellow 

C 4'-Methoxy^ : S-quinoxalino- », 

1 „ 4 : 5-pheiiazino- „ 

Light orange yellow 
Orange yellow 

( 4^Dinxetliylamino-4 : 5«qQiB0xalitio-„ 

V \v vv ^ v\ 

Brownish yellow 
GhocoUte 
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Expeeimbntal. 
aft- Diamino ijuinoxaline . 



It was obtained in the purest form and best yield by adopting 
tife following procedure : To a solution of o-phenylenediamine (10 g.) 
in methyl alcohol (30 c.c.), cyanogen gas, generated by the addition 
of a concentrated solution of potassium cyanide to a copper sulphate 
•solution and heating, w^as passed until the deposition of a yellow 
precipitate of the diaminoquinoxaline was complete. After 
separation of the precipitate the mother liquor was concentrated 
and cyanogen gas was again passed through it when a further yield of 
the yellow precipitate was obtained. The diamine crystallised from 
pyridipe in light j-ellow rhombic plates, not melting below 800® (c/. 

Bladin, loc. cit,), yield o g. 

o-Benzo tjlcne-aft-q uinoxaUnoi minazole , 



Ns 


I ^ 

CO 


The fused mass, obtained by beating an intimate mixture of 
ajS'diaminoquinoxaline (0'5 g.) and phthalio anhydride (0*5 g.) on the 
oil-bath at 200-20® for J hour, was allowed to cool and powdered. It 
crystallised from pyridine, on cautious addition of hot water, as 'very 
light yellow fibrous needles, in.p. above 300®. It is soluble in 
alcohol, acetone, chloroform,, atnyl alcohol, pyridine, nitrobenzene or 
acetic acid, but insoluble in ether, benzene, dilute acids, or alkalis. 
It dissolves in strong sulphuric acid giving a red coloration* 
(Found: N, 20*47. Oi^HgOaN^ requires N, 20*59 per cent.). 

The following three iminazoles were prepared and purified in the 
same way as and possess properties similar to the preceding 
compound. , 

■ 2 ■ 
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o^Naphthoylene-afi-qninoxaUnoiminagole, fine long yellow needles. 
(Found : N, 17*38. OjoHioON^ requires N, 17*89 per cent,). 

o^Camphoroylene^aP-quinoxalinoiminazolc^ light dirty yellow 
needles, m.p. 280°. (Found: N, 18*69. C]gHi 30 N 4 requires N, 
18*80 per cent.). 

o-Diphenoylcne aP^quinoxalinoiminazole ^ brownish yellow noiinute 
needles. It gives greenly ellow fluorescence in chloroform or alcohol 
solution. (Found: N, 16*24. 022 ^ 1 ^ 0^4 requires N, 16*10 per 

cent.). 

4 : 5-Quinoxalino-2-phe7iyl{ mifi azole . 



A mixture of a/J*diaminoquinoxaline (0*5 g.), benzaldehyde (1 g.) 
dissolved in a small quantity of pyridine was heated under reflux for 
1 hour. The excess of benzaldehyde was removed by sodium bi- 
sulphite and shaking with water. The separated iminazole 
was washed with dilute hydrochloric acid and water and finally 
crystallised from . acetic acid in beautiful small yellow rectangular 
needles, m.p. 290° (with previous shrinking at 27o°), It is in- 
soluble in dilute hydrochloric acid in the cold but dissolves slowly 
in the warm acid. It is sparingly soluble in benzene, alcohol or 
acetone, and readily soluble in nitrobenzene, pyridine or acetic acid. 
It gives red coloration with strong sulphuric acid. (Found: N, 
22*87. Ci 5 Hi()N 4 requires N, 22*76 per cent.). 

The following iminazoles were prepared, except where otherwise 
mentioned, in the same way as and possess properties, ex<^ept where 
otherwise stated, similar to the preceding compound. In majority 
of the oases the reaction was complete in i hour. When 
equimolecular quantities of the diamine and the aldehyde were 
taken, the subsequ'^nt treatment with sodium bisulphite solution was 
not done. The condensation product separated from pyridine solu- 
tion on dilution with water. They do not melt below 800°. 

4^-MethyU4:5‘quinoxaUno-2-phenyliminazole, from the diamine 
(0*5 g.) and p-tolylaldehyde (2 g.), separated from acetic acid as light 
brownish yellow pear-shaped needles. It is soluble in alcohol^ pyri- 
dine, nitrobenzene, acetic acid, chloroform, or amyl alcohol, (Found : 
N, 21*14. C|eHi 2 N 4 requires N, 21*63 per cent.). 
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4'-Ni^ra-4 :5^quinox<ilino-2^phenyliminazole, from equimoleoular 
propartions of the diamine and p-nitrobenzaldehyde, crystallised 
from dilute alcohol in shining red long rectangular plates* (Found : 
N, 28*78. C15H9O2N5 requires N, 24*05 per cent,). 

8'-Nitro-4 : 5’'quinoxalinO‘2-phenyliminazole, separated from alcohol 
in yellowish white needles. It dissolves in concentrated sulphuric 
acid with yellow coloration. (Found: N, 24*35. Cj 5H9O2N5 requires 
N, 24*05 per cent ). 

2^-Hydroxi/-A:f}-quinoxalinO‘2~i)henyliminazolet from the diamine 
(0*5 g.) and salicylic aldehyde (2 g,), crystallised from acetic acid in 
brown needles. It dissolves in alkali and is also readily soluble*in 
ifitrobenzene, pyridine, alcohol or acetone. (Found: N, 21 '28, 
Cj 5H10ON4 requires N, 21*37 per cent.). 

2' : 4'~Dihydroxy-4: : D'qainoxaUno-2-phcnyliminazole f obtained by 
•the condensation of a/3-diaminoquinoxaline and resorcylic aldehyde, 
crystallised from acetic acid in yellow needles. It is soluble in alkali. 
It dissolves readily in nitrobenzene or amyl alcohol, but less readily 
in alcohol or acetone. (Found: N, 19*69. C15HJ10O2N4 requires 

N, 20*14 per cent.). 

4:^7^M ethoxy A : 5 -quinoxalino- 2 -phenylimina 2 olc, from the diamine 
(0*5 g.) and anisic aldehyde (2 g.), after being separated from the 
unreacted anisic aldehyde*, crystallised from dilute pyridine as light 
orange-yellow hexagonal prisms. It gives violet yellow fluorescence 
when its alcoholic or pyridine solution is diluted with water. It is 
insoluble in chloroform and soluble in nitrobenzene or acetic acid. 
(Found: N, 20*58. Ci9Hj20N^ requires N, 20*29 per cent.). 

4!-Dimethylamin<>A : 6-quinoxalino-2-phcnyli'minazole^ from di- 
mcthybp-aminobenzaldehyde and the diamine, was obtained as 
brownish yellow rectangular plates. With strong sulphuric acid it 
developes a light yellow colour. (Found : N, 23*97 
requires N, 24*22 per cent.). 

4\^-Quinoxalino-2-juTfuTyliminazolc^ obtained in the usual way 
from diaminoquinoxaline (0*5 g.) and furfuraldehyde (5 g.), separated 
from acetic acid in light yellow brown rectangular plates. It exhibits 
violet yellow fluorescence when^ts alcoholic or pyridine solution is 
diluted with water. (Found : N, 23*19. C13H8ON4 requires N, 
23*78 per cent.). 

4 :i5-^QuinoxalinoA‘benzyl-2-phenyliminazol6, 
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. a^-Biammoquinoxaline (0*5 g,) when heated with benzaldefayde 
(20 c. c.) for 1 | hour, separated on cooling in brilliant yellow 
long pear-shaped needles, which after being washed with 
ether were suflBciently pure for further analysis, m. p. above 300®. 
It is insoluble in ether or benzene and soluble in pyridine, nitroben- 
zene or amyl alcohol. With strong sulphuric acid it gives a yellow 
coloration. (Found :N, 16*30. requires N, 16*16 per cent.). 

4 : 5-Quinoxalino-l-o-hydroxybenzyU2-phenyliminaisole^ prepared 
in the same way as the preceding compound from the diamine (0*5 g.) 
and salicylic aldehyde (20 c. c.) was obtained as yellow rectangular 
places, not melting below 300®. It is insoluble in dilute acids or 
chloroform but soluble in alkalis, amyl alcohol, acetone, pyridine, 
nitrobenzene or acetic acid. It dissolves in strong sulphuric acid 
with a red coloration. (Found : N. 15*77. 0,^2^^! ©^ 2^4 requires N, 
15*32 per cent.). 

4 : 5-Quinoxalino-l-p-methoxybenzyl-2-p-viethoxyphcnyliminazole, 
— ajS-Diaminoquinoxaline (0*5 g.) and anisic aldehyde (15 c. c.) 
were heated together for 1 hour. The reaction mixture was 
then poured in a concentrated solution of sodium bisulphite. The 
tarry mass obtained solidified on standing. This was filtered, washed 
and finally crystallised from acetic acid in very light brownish 
yellow needles, m. p, 243-46®. Except that it is insoluble in alkalis, 
its other properties are like those of the preceding compound. 
(Found: N, 14*38. C 24 H 20 O 2 N 4 requires N, 14*14 per cent.)* 

Chemical Laboratories, 

The University, Dacca 

and Received September 19, 193^. 

Presidency Collbqb, Calcutta, 


* The work was finished in 1^6. Doe to certain unforeeen accident the pnblioal- 
tion bae been delayed. 



Merouration of Compounds Containing a ReactiYO 
Methylene (-CHa) Group by means of Mercuric 
Chloride. Part II. 


By K. G. Naik and B. P. Patel. 


It is well known that when an aqueous solution of inerqurio 
bichloride is boiled with sodium bicarbonate, mercuric oxychlorides 
are precipitated (Mellor, ‘ ‘Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,” 1923, Vol. IV, p. 833; Millon, Ann. ohitn. 
phyB., 1846, Hi, 18, 372). These oxychlorides differ* in their 
composition according to the experimental conditions and are usually 
expressed as double compounds of mercuric chloride and mercuric 
oxide. But it is possible to conceive that when to a boiling aqueous 
alcoholic solution of mercuric chloride and a reacting organic com- 
pound, a solution of sodium bicarbonate is added, the above double 
compounds of mercury, no sooner arc they formed in an incipient 
condition than, would react with the organic compound present. With 
such a possibility, the organic compounds containing a reactive 
naethylene group would, under the above conditions, give products 
containing the grouping >C :Hg. Such has actually been found to 
be the case. 

The course of reaction may be expressed as ; 


E V 

n >0 

I 


HgCla-i-NaHCOs 
Ha + n'O Hg’m HgClg 


m 'HgClg ‘n 'HgO 
E. 

E'' 


Ev 

n >C:Hg 


The following substituted amides of malonic acid and aeetoacetic 
acid when mercurated under the above conditions, gave products of 


the general formula ; 



(1) Malomnonophenylamide, (2) malonmono-o-toluidide, (3) malon- 
mono-p-toluidide, (4) malonmono-m-toluidide, (5) malomnono-a- 
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naphthylamide, (6) malonmono-^-naphthylamide, (7) malonmono- 
1 ;3 :4‘XyUdide, (8) malonamide, (9) ethyl malonate, (10) ethyl aceto- 
acetate, (11) acetoacetanilide, (12) acetoacet-o-toluidide, and (18) 
acetoaoet-p-toluidide. 

That the compounds obtained do not contain admixed mercuric 
oxychlorides, is shown by the fact tliat they come out of the mixture 
as white precipitates which when separated and analysed were found 
to contain no chlorine; and at no time during the reaction was any 
change of colour observed. Furthermore, the mercury derivatives 
were insoluble in the ordinary solvents, whereas the original amides 
are quite soluble. 

The resultant products decompose on treatment with dilute 
0*25N- hydrochloric acid giving the original amide and mercuric 
chloride. With hydrogen sulphide they react quantitatively giving 
black mercuric sulphide. Potassium iodide decomposes the com- 
pounds forming the original amide and at the same time liberating 
two equivalents of alkali for each molecule of the product. Phenyl- 
hydrazine and hydrazine hydrate decompose the above compounds with 
the separation of metallic mercury. The above reactions clearly indi- 
cate the existence of a weak C — Hg linkage, which is usually found 
in compounds, containing mercury attached to a carbon atom in 
a-position to a carbonyl group. 

From considerations such as, (a) the formation of a mercury 
derivative from ethyl acetoacetate and ethyl malonate, (6) the non- 
rupture of the C — Hg linkage under conditions which involve the 
rupture of N'-Hg linkage (Ley and Kissel, Ber., 1899, 32, 1357), 

(c) the behaviour of the resultant compounds in a way similar to 

those having mercury attached to a carbon atom in a- position to 
a carbonyl group (Billman, Ber.^ 1902, 33, 2582; Sehoeller and 
Schrauth, 1908, 41, 2091; Petterson, J. pr. Ghent., 1912, n, 

86, 498; Schrauth and Bauerschmidt, Ber., 1914, 47, 2740); 

(d) the quantitative decomposition by potassium iodide, and (e) the 
formation of dibromomalonamide, with bromine as advanced in a 
previous communication (Naik and Patel, J\ Indian Ghent. 8oc,, 
1982, 9, 186), the above constitution has been assigned to the com- 
pounds described herein* 

Experimental. 

M cTcutiTnalonmonophenylamide , (I),— Malonmonophenyl amide 
(1 g.) and mercuric chloride (1*16 g.) were dissolved in alcohol and 
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the solu^lii. heated to boiling in a flask. To the hot solution was added 
a solution of sodium bicarbonate (1 g.). The solution became turbid 
as the compound began to separate and there was effervescence due 
to the escape of carbon dioxide. The flask was then heated for J 
hour to complete the reaction. The precipitate was then filtered 
hot at the pump, washed thoroughly with the alcohol and subsequent- 
ly with distilled water. The product is insoluble in most of the 
ordinary organic solvents. It melts with decomposition at 275-78®. 
(Found: N, 7 25; Hg, 53'20. CyH^OaNgHg requires N, 7‘44; Hg, 
63 T9 per cent.). 

Action of dilute hydrochloric acid on (I). — The compound* (I) 
on treatment with hot 0'25A^-HC1 went into solution which when 
concentrated and cooled deposited crystals of malonmonophenylamide, 
m.p. 164®. 

Action of hydrogen sulphide on (I). — The compound (I) 
{0‘6039 g.) was suspended in 30 p. c. alcohol and a slow current of 
hydrogen sull)hido gas was passed into the solution till the precipita- 
tion of mercury as mercuric sulphide was complete. The precipi- 
tates were then filtered through a Gooch crucible and washed 
repftatedly with alcohol and water till free from hydrogen sulphide 
and the amide formed by the decomposition of the compound. It 
was then washed wdth carbon disulphide (20 c.c.) and pyridine (20c.c.) 
to remove the sulphur which might have been precipitated together 
with mercuric sulphide. It was finally w-ashed with alcohol and ether 
to remove the adhering carbon disulphide and pyridne, dried at 
105-10® and weighed (0-3762 g.). (Found : Hg, 53 (59. CgHgOaNsHg 
requires Hg, 53-19 per cent.). 

This indicates that the decomposition of the substance wdth 
hydrogen sulphide was quantitative. 

Action of phenylhydrasinc and hydrazine hydrate. — The com- 
pound (I) was decomposed when it was treated either with phenyl- 
hydrazine or with hydrazine hydrate with the separation of grey 
metallic mercury which settled down. 

Action of bromine on mercurimalonamide . — The mercury deri- 
vative suspended in water w»aa treated with an aqueous solution of 
bromine till no n>ore bromine was absorbed. The flask was then 
heated to boiling and the solution concentrated. On cooling crytsal- 
line precipitates of the bromo-derivative and mercuric bromide were 
obtained. The precipitates were then filtered and washed with 
tljcohol till free from mercuric bromide. The residue when 
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dried melted at 208-04**. It was identical with the dibromomalon- 
amide obtained by the direct bromination of malonamide (Freund. 
Ber., 1884, 17, 782). 

Merourimalonmono-o'toluidide, (II). — This was prepared in exactly 
the same way as the corresponding malonmonophenylamide deri- 
vative (I). The product is insoluble in all the ordinary organic sol- 
vents and melts with decomposition at 207-59**. (Found : Hg, 51 ’6. 
CioHioOgN^Hg requires Hg, 613 per cent.). 

Action of potassium iodide on (II). — The compound (II) (0*28 g.) 
suspended in distilled water was treated with an aqueous solution of 
potassium iodide (1 g.). Potassium hydroxide was gradually liberated. 
After a day, the liberated potassium hydroxide was titrated against 
0 059^-H01 (23'3 c.c.). It was found that no more potassium 
hydroxide, was liberated, even on further heating the mixture, show- 
ing that the reaction was complete in the cold. 

The liberation of 1'915 equivalents of alkali indicates that the 
rupture of C-Hg linkage is almost quantitative in the cold. 

Compounds similar to the above have been prepared by the inter- 
action of the compounds (3) to (13) with mercuric chloride in 
presence of sodium bicarbonate under identical conditions. These 
have been tabulated in the annexed table. 



Reaction products of mercuric chloride with substances containing the reactive methylene group. 

(M = Mercurimalonmono — ) 
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The Alkaloids of Rauwolfia Serpentina, Benth. Part I. 

By Salimuzzaman Siddiqdi and Rafat Hussain Siddiqui. 

In the course of a general chemical examination of the roots of 
^iauwolfia serpeniina, wo have already communicated (J. Indian 
Chem. Soc., 1931, 8, 667), the isolation of five new alkaloids and 
characterised them in some detail. We were engaged since in the 
study of the throe main alkaloids, chiefly ajmaline, but owing to 
lack of sufficient substance we could not so far get to decisive con- 
clusions about their constitution. As however, a recent publication 
of Van Itallie and Steenhauer {Arch, Pharm,, 1932, 270, 313) on the 
subject has brought up some points of controversy, we feel constrained 
to publish the results already obtained and discuss them in the light 
of that publication. 

The Dutch authors have been able to isolate only three alkaloids 
from the root of R. S., which seem to correspond to ajmaline, 
ajmalinine and serpentinine. Their alkaloids B and C melt three 
degrees lower than serpentinine and ajmalinine respectively and the 
rotation of the alkaloid C ([aj^ 76*4®) is — 20*6® less than that of 

ajmalinine {[a]o = —^7®), due probably to its contamination with the 
strongly positive ajmaline. Their failure to get serpentine and 
ajmalicine is easily accounted for by their using ammonia and ether 
as a means of extraction. Serpentine is not liberated by ammonia 
and both serpentine and ajmalicine are almost insoluble in ether. 
The authors have given ajmaline another name “ Eauwolfine.** on 
the basis of a formula, higher than that given by us for ajmaline by 
one carbon atom, in the face of almost identical colour reactions^ 
optical activity and melting points: Ajmaline, m.p. 168®-60®, 
[a] = + 128® (in % CHCI3 solution). Eauwolfine, m.p. about 

160^ [a]D == +131T® (in 1 % CHCI3 solution). 

The slightly lower rotation of ajmaline is easly explained by the 
fact that ajmaline containing 3| molecules of water of crystallisation » 
i.6., 17*0% of active matter, was used by us for the determination 
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of optical activity, whereas the base used by the Dutch authors 
contained 1 CH3OH of crystallisation, i.c., only 8 * 7 % of optically 
inactive matter. 

The reason for the disparity in the formulae of ajmallne and 
rauwolfine lies in the fact, that we had assigned the formula 
CQ0H20O2N2 to ajmaline on the basis of dehydration at 1 (X)° in 
vacuo while the Dutch authors combusted their base after heating 
it to constant weight at 160 ° to remove the methyl alcohol of 
crystallisation. As later observations showed, ajmaline does ten- 
aciously retain ^ a molecule of water more, after losing three 
molecules of water at 100°, which it gives up only on heating upto 
about 160 °. This view is further supported by the fact that ajmalinef^- 
shows the presence of 2 active H after heating to constant weight 
at 100 ° and only 1 active H after complete dehydration at 160 °. In 
the light' of these observations the original formula of ajmaline 
C2oH2(r02N2* resolves itself into .C2 iH2g 02^'2» [Found; 

{loc. oii. p. 673 ) C, 73 (); H, 8 * 12 ; N, 8*8. C21H20O2N2. ^HgO 

requires C, 72 * 6 ; H, 7 * 8 ; N, 8*1 per cent. C2oH2(502N2, requires 
C, 73 * 6 ; H, 8 0; N, 8’6 per cent.]. The platinum value of the 
ohloroplatinate as given by us in the last communication (Joe. cit,) 
though within the limits of error for the C20 formula agrees even 
more closely with the Cgj formula. [Found: Pfc, 17 * 9 .(C 2 iH 2 (j 02 N 2 , 
HCl)2,PtCl4 requires Pt, 18*0 per cent. (C2oH2o02N2» H01)2, PtOl^ 
requires Pt, 18*4 per cent.]. The nitrogen value is a little too high for 
the C21 formula, but in the nature of the case the C and Pt values 
have to be given greater weight in deciding between the two 
formulae, differing by one carbon atom. 

But while all the general characteristics of the base rauwolfine 
point to its identity with ajmaline we have to postpone a definite 
conclusion to this effect as the Dutch authors have made no mention 
of the presence of an active H in rauwolfine in the course of its 
group analysis and have, moreover, showed after the method of 
Herzig and Meyer the absence of N-CH^ in the base, whereas we 
believe to have established the presence of an N-CH3 and an 
active H in ajmaline, and showed the likelihood of ajmaline contain- 
ing the group :NHCH3 in its molecule. 

The secondary character of ajmaline we concluded from its 
yielding a non-basic crystalline nitroso derivative and a non-basic 
crystalline monobenzoate. A crystalline acetyl derivative could not 
he formed but we succeeded in getting a crystalline methyl derivative 
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of ajmalme out of a crystalline methiodide, which showed the 
presence of two N-CHg groups whereas ajmaline itself was found to 
contain only one N-CH 3 . As one of the two N atoms in ajjniaHne is 
non-basic, it appears that the methyl groups and the iminobydrogen 
are both linked to one and the same nitrogen and the formula of 
ajmaline might be further represented as C 2 oH.j 202 N(NHCH 3 ). 

Ajmaline does not contain either a hydroxy or methoxy group and 
we have not been able so far to account for the two oxygen atoms 
contained in its molecule. On being heated upto about 200® ajmaline 
was changed into a brittle varnish-like reddish mass, out of which we 
could isolate a crystalline base melting at 250°, which we*have 
^provisionally called '*pyroajmaline’\ 

Serpentine, serpenfcinine, and ajmalicine also form nitroso deriva- 
tives and appear to be secondary bases. Considering the fact, that 
number of secondary bases in nature is very limited, their prevalence 
particularly in the roots of a plant is rather striking but as our 
investigation on the bark of Holarrhena aniidy sent erica (this volume) 
have brought to light a series of apparently secondary bases, the 
Apocynacae family to which the two plants belong might be 
considered as particularly rich in secondary bases. 

In the light of our observations in case of ajmaline the empirical 
formulae of ajmalinine and serpentine were also revised, but owing 
to the lack of sufficient amount ol substance no decisive results could 
be so far obtained. It may, however, be noted here, that serpentine 
also appears to retain some more water of crystallisation after heat'ng 
to constant weight at 1'50®, while ajmalicine does not. Neither of 
these bases were found to contain an N-CH^ group, but each of 
them showed tlie presence of one OCH^ group. 

A further point of interest has been brought up through the isola- 
tion of 3 now bases from an African species of Rauwolfla, Rauwolfia 
caffra, by Koepfli (J. Amer, Chem. Soc., 1031, 64 , 2412). The chief 
alkaloid has been named rauwolfine (C 2 oH 2 (j 03 N 2 , d. p. 235-38®) 
and appears to be a quarternary base. Though the two plants are 
so allied, the base from R. cafjra appear to be very diflEerent from 
those of /?. serpentina. 


Experimental. 


Determination of active H in apnaline (Zerewitinoff's me- 
thod). — After complete dehydration at 150° [Found: H, 0‘23. 
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C2iH260gH2 requires (for 1 active H) H, 0*29 per cent.]. After 
heating to constant weight at 100“ in uacuo [Found : H, 0*69. 
CgiH2(j02N2\ ^H20 requires (for 2 H) H, 0*59 per cent.]. 

Determination of N-CH 3 in ajmaline (Herzig and Meyer’s 
method) ajmaiine showed the presence of IN-CHg. [Found rCHs, 
6*06. C 2 1 H 2 CO 2 N 2 requires (for IN-CH 3 ) CH 3 , 4*43 per cent.]. 

Nitrosoajmaline. — To a cooled solution of ajmaline (1 mol., 0’33g.) 
in 10 p. c. acetic acid, a well cooled solution of sodium nitrite 
(1*5 mol., 0*12 g.) was slowly added. A cream yellow granular precipi- 
tate was produced, which was filtered after keeping the reaction 
mixture well corked at room temperature overnight and well washed 
first with warm <5 p. c. acetic acid, then with water, to^ remove the* 
unchanged base. On recrystallising from dilute alcohol nitrosoajmaline 
formed pale yellow needles, m. p. 209“. [Found : (after drying to 
constant weight at 100“ in vacuo) C, 67 '7; H, 7T1. C 21 H 23 O 3 N 3 
requires C, 68'C7; H, 6 81 per cent. C 21 H 21 JO 3 N 3 , ^1120 requires 
C, 67*02; H, 6*91 per cent.]. 

Benzoylajmaline. — To a solution of ajmaline (O*;! g.) in 
pyridine (4 c. c.) was added bonzoyl chloride (0*76 c. o.) under 
good cooling. The thick oil which settled down overnight 
was washed with dilute acetic acid and taken up with alcohol 
and water. On cooling the solution, long, white, broad needles (0*3 g.) 
were obtained, which softened at 134“ and melted at 180“. On re- 
crystallisation from benzene after washing it with dilute acetic acid the 
benzoate began to darken from 140“ onwards and melted at 214-16“. 
(Found: 0, 74*6; H, 8*05. C 21 H 25 O 2 N 2 COCGH 5 requires C, 
76*02; H, 6*79 per cent.). Evidently this product was not pure enough 
to give a correct analysis but its distinctly non-basic character con- 
firmed the presence of an iraino H in ajmaline. 

Methylajmalinc . — ^To a solution of ajmaline (1 mol., 1 g.) in 
chloroform (3 c. c.) methyl iodide {1*5 mol., 0*7 g.) was added 
and the mixture left well corked at the room temerature (40°). After 
2 days the separated crystalline product was filtered, washed with 
chloroform and dried (yield 0*95 p. c.). Methylajmaline hydroiodide 
thus obtained melted at 230-31“. Its N-CHg estimation showed the 
presence of two N-CHg groups. [Found iCHg, 6*2. C 22 H 28 O 2 N 2 
HI requires (for 2 NCHg) OH 3 , 6*3 per cent.]'.’ The chloroform 
solution on evaporation gave a residue (0*27 g.), which melted between 
230-50“, but the amount being too small could not be investi- 
gated further. 
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The crystalline hydriodide was dissolved in acetic acid and the base 
precipitated from the solution with concentrated NaOH solution* 
because methylajmaline could not be precipitated by ammonia^ and 
thus* rather contrary to expectations, appears to be stronger than the 
secondary base, ajmaline. The precipitate was shaken with chloroform, 
the chloroform solution dried over sodium sulphate and the clear pale 
yellow residue left on removing the solvent crystallised from moist ethyl 
acetate in star shaped clusters of needles, m.p. (softening 

at 127®). It is easily soluble in alcohol, less so in ethyl acetate, diffi- 
cultly soluble in other, insoluble in petroleum ether. It gives the same 
colour reactions as ajmaline. (Found :C, 74 90; H, 8‘85. 

•requires C, 75*0; H, 7*95 per cent.). 

The salts of methylajmaline were prepared in the same manner 
as in case of ajmaline. 

Methylajmaline hydrochloride forms a white powder,* soluble in 
alcohol but dfficultly so in cold water. It softens at 125®, froths up 
at 132-34® (giving off water of crystallisation) and melts at 272®. 

Methylajmaline picraie forms a bright yellow powder, which is 
easily soluble in alcohol but difficultly so in cold water. It begins 
to froth at 176® and melts at 186®. 

Methylajmaline chloroplatinate is an amber coloured powder, 
soluble in alcohol but insoluble in water. It shrinks with darkening 
at 203® and melts at 215-20® (decomp.). 

Effect of heat on ajmaline : pyroajmalinc , — On dehydration at 100® 
in vacuo ajmaline melts indefinitily from 160-70®. On heating to 
constant weight at 150® it further loses 2*8 p, c. of water (CjiHge- 
02 N^, ^H 20 requires H^O, 2*88 p. c.) and begins to soften at 170*^ 
sticking slowly to the sides of the m. p. tubc^ by 185°, the sticky mass 
melting down at about 256®. On heating ajmaline at 200® for about 
i hour a brittle reddish brown mass is produced which crystallises 
partly out of moist ethyl acetate in slender needles* m. p. 256® 
(shrinking at 240®). They lose 6*9 p.c water of crystallisation when 
heated to constant weight at 150® (showing IJ mol of water of 
crystallisation, if the molecule of pyro-ajmaline should be the s*ame, 
as that of ajmaline). It is difficultly soluble in chloroform. 

Pyroajmaline hydrochlortde, — The hydrochloride, prepared by 
adding ethereal hydrochloric acid in a chloroform-ether solution of the 
base is an amorphous powder which darkens at 226°, softens at 230® 
and melts at 238-40® ^ (decomp.). It is easily soluble in alcohol 
and water. 
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Determination of OCH3 in ajmalinine (Zeisel's metod) showed the 
presence of one OCH3 group. (Found ;nCH3, 8'8. Cgo HSJ3O4N 
requires OCH3, 8‘96 per cent.). 

Determination of OCH3 in serpentine showed the presence of one 
OCH3 group. (Found :0CH3, 9 ' 27 . CgiH2304N requires OCH3, 
8’78 per cent.). 


J KBEABCH Institute, 

. U. Tibbi CoLiiBan, liceiered July 27, 1932. 

Delhi. 



The Formation and Stability of Polybromide DerivatiYes 
of Heterocyclic Compounds. Part I. The 
Bromination of Diphenyl-t/«-thiohydantoin 
and its orf/io-Tolyl Homologue. 

By Mohammad Omar Farooq and Robert Fergus Hunter, 

It has been shown that treatment of a soJution of benzthiazole 
in chloroform at low temperatures with a molecular proportion of 
bromine gives rise to a dibromide (Hunter, J* Chem, Soc., 1930, 
125), whose properties suggest that the bromine atoms are held to 
the nuclear nitrogen atom by means of semipolar single bonds, after 
the manner of attachment of the labile chlorine atoms to the phos- 
phorus atom in phosphorus pentachloride (Prideaux, CJicm. 

1923, 42 , 672; Ingold and Ingoid, J Chcm. Soc., 1926, 1315; Sug- 
den, J. Chcm. Soc., 1927, 117o). A similar series of dibromo-addi- 
tion compounds have also been obtained from the 5*cbloro-3-bromo-l- 
alkylaminobenzthiazoles (Dyson, Hunter, Jones, and Styles, J. 
Indian Chem. Soc., 1931, 8, 147), which are characterised by their 
extraordinary thermal stability to temperatures within 20® or so of 
their melting points, at which rapid decomposition sets in without 
any indication of an equilibrium of the type which has been observed 
by Ephraim in the case of alkali perhalides (71 ^^r., 1917, 60 , 1069). 
In the presence of a large excess of the halogen, however, benzthi- 
azole yields a highly unstable tetrabromide, analogous to the more 
stable tetrabromide of 1-phenylbenzthiazole (Bogert and Abrahamson, 
J. Amer. Chem. Soc., 1922, 44 , 826; Hunter, loc. cit.). The forma- 
tion of these compounds by a repetition of the process of singlet 

Br 

sharing, leading to the production of the sN Br complex is not 

Br 

difficult to visualise. 

Now it is clear that if this interpretation of the mechanism of 
formation of these compounds is correct, the phenomenon must per- 
meate, in greater or lesser degree, the whole field of heterocyclic 
compounds in which heterd^ atoms containing lone pairs of unshared 
electrons are enaountered. It is therefore the object of this series 
of investigations, to study the behaviour of different heterocyclic 
systems towards bromine, and to examine the effect of substituents 
on the formation and stability of their bromo-addition compounds 
in relation to their suggested electronic constitution, 

4 
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Pwrtioular interest attaches itself to the compounds of sulphur 
and nitrogen in view of the apparent expansion of the valency group 
of sulphur to twelve electrons in sulphur hexafluoride, and it has 
already been shown that the nuclear sulphur atom of the benzthi- 
azole system exhibits the characteristic inertness of that in thiophen 
(Hunter, loc. cit.). This has been interpreted on the basis of the 
sextuple group theory of aromatic stability (Armit and Robinson, J. 
Chem. 8oc., 1925, 127, 1605; Goss and logold, /. Chem. 8oc,, 1928, 
1268), which receives further support from Hiickel’s recent wave me- 
chanical analysis of the benzene molecule (Z. Physik, 1981, 70. 204). 
This author has had to make a number of assumptions which may 
or may nob be entirely justifiable, but he has shown that by working' 
out the quantum states of the six electrons over and above those 
required for joining carbon to carbon and carbon to hydrogen, and 
applying Pauli’s principle, that a system of six electrons constitutes 
a "closed group” somewhat analogous to the closed groups of the 
Periodic system. Although the effect of disturbed symmetry in 
heterocyclic compounds such as pyridine, thiophen, and thiazole 
which exhibit aromatic characteristics cannot be calculated, it is 
clearly reasonable to assume that the importance of the sextuple 
group still persists in relation to their chemical behaviour. 

It therefore appeared of interest to examine the reactivity of the 
reduced thiazole nucleus towards bromine, and the ^-thiobydantoins 
were selected for this purpose. 

The bromination of diphenyl-^-thiobydantoin (I), in chloroform 
at low temperatures, gave rise to a well defined vermilion compound, 
possessing the composition of a hexabromide of the tetrahydrothia- 
zole. Only two thirds of its total bromine was, however, labile 
towards potassium iodide and on reduction with sulphurous acid 
it yielded 2-phenyi-3-p-brbmophenyl-4-ketotetrahydrothiazole (II), 
whose constitution follows from its synthesis from p-bromo-s di- 
phenylthiocarbamide and monochloroacetic acid (Dains, Irvin, and 
Harrel, J. Amer, Chem. 8oc., 1921, 43 , 613). 


(I) 


CHs Sv 

I >C:NPh 

CO — KPh' 



ai) 
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These reactions clearly exclude the possibility of addition of 
bromine to the double bond of the 2-phenylimino grouping in the 
original ^-thiohydantoin, and the bromo-addition compound is 
evidently a hydropentabromide of the bromophenyltetrahydrothiazole 
(II), which is confirmed by its synthesis from the bromophenyltetra* 
hydrothiazole, hydrogen bromide, and bromine. 

There is clearly a choice of formulae (III) and (IV) for the 
hydropentabromide, depending on whether the sulphur atom of the 
i^-thiobydantoin complex is reactive as in the dialkyl sulphides 
(Cahours, Annalen, 1865, 135, 355), or inert as in thiophen ^nd 
benzthiazole. 



CO 


CHg— SBr2v 

>C:NPh 

^ © 

H 


(IV) 


CHa—SOv 
I >C:NPh 

© CO 

Bra 


0 

Br 


(V) 


The sulphonium bromide formula (IV) is, however, excluded by 
the fact that the hydropentabromide yields 2-pheDylimino-3-p-bromo- 
phenyl-4-ketotetrahydrothiazole, and not the sulphoxide (V) on 
treatment with precipitated mercuric oxide. 

On exposure to the atmosphere, or on keeping in a desiccator 
over potassium hydroxide, the hydropentabromide lost bromine 
yielding a stable yellow hydrotribromide of 2-phenyl-3-p-bromophenyl- 
. 4-ketotetrahydrothiazole. This compound was also obtained by 
thermal decomposition of the hydropentabromide, under reduced 
pressure at a temperature some 25° below its melting point, when 
dissociation took place in accordance with the equation : 


©' 

1© 

©■ 

1© 

Base, H 

Brs — >■ 

Base, H 

Brg +Br2 


The bromination of 2-phenylimino-3-p-bromophenyl-4-ketotetra- 
hydrothiazole in chlftroform at low temperatures, yielded an unstable 
octabromide, which regenerated the original V'-thiohydantoin (II) on 
treatment with sulphurous acid. On the other hand, its labile 
bromine content as determined by iodometric titration in chloroform, 
indicated the presence of only six labile bromine atoms, ^ 
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It has been shown that this loss is due to nuclear substitution 
under the conditions of the reaction, leading to fche production of a 
dibromo substitution derivative of diphenyl-^-thiohydantoin, which 
is different from 2-p-bromophenylimino-3'p-bromophenyl-4-ketotetra- 
hydrothiazole (VI) which was synthesised from s-di-p-oromophenyl- 
thiocarbamide and monochloroacetic acid (Dains, Irvin, and Harrel, 
loc. and which is evidently the 2-phcnylimino-B-O'p-dibromo- 

phenyl derivative (VII). 



This difference in reactivity of labile bromine towards sulphurous 
acid and potassium iodide has already been observed in the case of 
the tetrabromide of 1-phenylbenzthiazole (Hunter, J. Chem. Soc., 
1930, 138), and is evidently due to the fact that the second reaction 
is preceded by a hydrolysis of labile bromine to hypobromous acid, 
which then reacts with hydriodic acid in the usual way. 

Br^ + HgO = HBr + HBrO (i) 

HBrO 4- 2III = HBr + H 2 O + I 2 (ii) 

This receives confirmation from the fact that a solution of the 
octabromide in chloroform undergoes nuclear substitution with the 
production of the dibromo derivative, on being shaken with 
water. 

The octabromide also regenerated the original 2-phenylimino-3-p- 
bromophenyl.4-ketotetrahydrothiazole on treatment with mercuric 
oxide, indicating that the perbromide complexes are attached to 
nitrogen, and that in the ^dhiohydantoin base as well as in the 
ammonium ion derived from it, the nuclear sulphur atom retains the 
characteristic inertness of the sulphur atom in thi azole and benzthia- 
zole. This is of particulur interest, since in this case there can be 
no question of the lone electrons of the sulphur atom being required 
for the formation of a sextuple group. 
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The bromination of di-o-tolyl-^-thiohydation (I, with 0 -C 7 H 7 in 
place of Ph) at low temperatures, yielded an unstable hydrohopta- 
bromide of a monobromo-substiution derivative, which is almost 
certainly 2’0-totylvnino-3-p-bromO‘0‘tolylA-hctoietrahydrothiazolet 
although it has not yet been possible to isolate a synthetic specimen 
of this ^-thiohydantoin from the condensation of s^o-tolyLp-broyno- 
o-tolylthiocarbamide and monochloroacetic acid. On exposure 
to air, the hydroheptabromide lost bromine yielding a stable 
yellow hydrotribromidc, similar to the compound obtained by 
by degradation of the hydropcntabromide of 2-phenylimino-3-p- 
^ bromophenyl-4-ketotetrahydrothiazol6. 

Exueuimental. 

2~PhcnylimuiO‘ii-phenyl-^-ketotetrahydroihui3olc (diphgnyl*V'*thio- 
hydantoin) was prepared in 90 p.c. yield by heating a solution of 
thiocarbanilide (23 g.), monochloi'oacetic acid (9*5 g.) and pyridine 
(IG c.c.) in alcohol under reflux for 5-G hours. It separated from 
alcoholethyl acetate in needles, m. p. 175® (compare Lange, Ber.^ 
1879, 12 , 590 ; Liebermann, AnnaleUf 1881, 207 , 123), 
2’‘PhenyUmhio-d’p-broniophcnyl'4:dictotetrahydrothiaz()lc hydropcnta- 
bromide. (i) Bromination of diphcnyl-xl^dhiohydantom, — A solu- 
tion of the hydantoin (1 g.) in chloroform (10 c. c.) was cooled to 
0 — 3® and treated with bromine (0*8 c. c. in 0*8 c. c. of the same 
solvent), when the hydroponiabromide crystallised after a minute or 
two. After being dried on porous earthenware, in a vacuum over 
potassium hydroxide for a short time, it formed glistening vermilion 
plates which become yellow with loss of bromine vapour at about 
140® and had rn. p. 161-03® (docomp. with effervescence). [Found: 
Br (total), 64*1, 64*0 ; Br (labile), 42*0, 41*6. C| iON 2 BrS, HBr 
*(Br 4 ) requires Br (total), 64*2; Br (labile), 42*8 per cent.]. On expo- 
sure to air for 24 hours, the hydropcntabromide lost bromine yielding 
a stable yellow hydrotribromide y which after being digested for a few 
minutes with boiling chloroform in which it is almost insoluble, and 
drying in a vacuum, had m. p. 145-46° (decomp.). [Found: Br, 64*0. 
C 15 H 1 jON 2 BrS, HBr (Br 2 )» requires Br, 54*4 per cent.]. On treat- 
ment with sulphurous acid and sulphur dioxide, both of these bromo- 
addition compounds yielded 2-phcnylimino-S'p-bromophenylA-kctotet- 
rahydrothiazolcy which separated from ethyl acetate in needles, m. p. 
175®. [Found : Br, 23*2 ; S, 9*3. Oalc. : Br, 23*1 ; S, 9*2 per cent.]. 
This bromophenyltetrahydrothiazole was also prepared by heating 
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a mixture of «-pheiiyl*p-bromophenyltluooarbamide (6*6 g*)# morfe* 
chloroacetic acid (2 g.) and pyridine (2 c. c.) in alcohol for 8 hours, A 
mixture of both specimens melted at 175®, but admixture with di- 
phenyl-^-thiohydantoin (m, p. 176®) caused a depression of 20 
to 26®, 

(ii) Synthesis from 2'])henylimino-3-p-bromophenylA-ketotctTahy* 
drothiazole. — Bromine (1*4 c. c.) was added to a solution of 2-phenyl- 
imino-3-p-bromophenyl-4-ketotetrahydrothiazol6 (0^7 g.) and hydrogen 
bromide (0*3 g.) in glacial acetic acid (5 c. c.), when the hydropenta- 
bromide crystallised in shining red plates, m. p. 169-60® (decomp, 
aftei losing bromine at 145®) after being rapidly dried on porous 
earthenware in a vacuum [Found : Br (total), 64*1 ; Br (labile),' 
42*8 per cent.]. Curiously enough, this specimen of the hydropenta- 
bromide appeared to be more stable to the atmosphere than the 
specimens prepared by direct bromination (compare Hunter, 
loc, cit.). 

(iii) The action of mercuric oxide, — Precipitated mercuric oxide, 
dried at 110®, was added with shaking to a solution of the hydropen- 
tabromide in chloroform until decolorisation appeared to be complete. 
The filtered solution w^-s evaporated and the product was recrystall- 
ised from alcohol (animal charcoal) when 2-phenylimino-3-p-bromo- 
phenyl-4 ketotetrahydrothiazole was obtained and identified by m. p. 
and mixed m. p. determination. 

(iv) Thermal dissociation, — 6 G. of freshly prepared hydropenta- 
bromide were placed in a dry flask, fitted with a stop-cock, and in 
series with a soda lime tower, manometer, and an oil pump. The 
flask was exhausted to 24 mm., placed in an oil-bath at 135-37® and 
heated for 6 minutes when bromine was copiously evolved with the 
production of a yellow granular residue consisting of the stable hydro- 
tribromide, which was identified by its properties and also by analysis* 
(Found : Br, 63*8 per cent.). 

2-Phenylimino-S’P-hromophcnylA-Uetoteirahydrothiazolc octahro^ 
mide. — A solution of the p-bromophenyltetrahydrothiazole (0*6 g.) in 
chloroform (3 c. c.) was cooled to 0® and treated with bromine 
(0*7 c. c. in 0*6 c. c. of chloroform) when the octabromide crystallised 
in glistening red plates, which were dried on porous earthenware in 
vacuo for 5 minutes and immediately analysed with the precautions 
used for highly unstable compounds of this type (Dyson, Hunter and 
Soyoka, J. Chem, Soc,, 1929, 460), m.p. 161-62®. [Found: Br (total), 
72*8 ; Br (labile), 45*2. Ci^Hj |ON 2 BrS, Brg requires Br (total), 
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72’9 ; Br (labile), 62*5 per cent.] . This w dec obtained 

by treating a solution of the bromophenyl derivative (0"5 g.) in chloro* 
form (6 c. c.) with bromine (0*6 c. c. in 0*6 c. c, of chloroform). On 
reduction with sulphurous acid, or on shaking a chloroform solution of 
the bromide with mercuric oxide the original p-bromophenyltetrahy- 
drotbiazole was obtained unaccompanied by other products. 

Titration and hydrolysis experiments, — (i) A solution of the octa- 
bromide in chloroform (50 c. c.) was treated with excess of aqueous 
potassium iodide and the mixture was decolorised with sodium 
thiosulphate solution and the chloroform layer was separated, 
well washed with distilled water, and evaporated on a water-Bath. 

**On recrystallisation from alcohol, 2-phenylimino-S-o-j}-dibromophenyl- 
4-ketotctrahydroihiazolc was obtained, m.p. 119-20®, which melted 
at 120® when mixed with the specimen obtained by hy^drolysia^of 
the octabromide. (ii) A solutio n of the octabromide in chloroform 
(60 c.c.) was shaken with water (20 c.c.) at intervals during a 
period of. 6 minutes and the mixture was thereafter treated with 
excess of sulphur dioxide. Evaporation of the chloroform layer 
yielded the dibromo derivative which separated from alcohol in 
small needles, m.p. 121®. (Found: Br, 37*2. Cj5HjoON2Br2S re- 
quires Br, 37*5 per cent.). 

2’‘0-Tolylimino-S’p(?)-bromo-0‘tolyh4-kctofctrahydroihiazole hydro- 
heptabromide. — A solution of di-o-tolyl-^-thiohydantoin (0*5 g.) (Pozzi 
Escot, Compt, rend,, 1904, 139, 1032) in chloroform (6 c.c.) was 
treated with bromine (0*7 c.c.), when the hydroheptabromide crystal- 
lised after a short time. The bromo- addition compound formed 
unstable red glistening needles which were collected on a porous 
earthenware, rapidly dried in high vacuum, and immediately 
analysed, m.p. 120-21® (decomp.). [Found : Br (total), 69*3; Br 
(labile), 49*7. C17H1 ^ONgBrS, HBr(BrG) requires Br (total), 

68*4; Br (labile), 51*3 per cent.]. This experiment is typical of a 
number, and the appreciably high figure for total bromine is due 
to the same difficulty as that encountered in dealing with other 
unstable high 'perbromides of this type which are too unstable to 
permit crushing of the crystal^ and redrying in vacuo for removal of 
the last traces of occluded halogen (compare Dyson, Hunter, and 
Soyka, loo, cit.; ifunter, J. Chem. Soc,, 1930, 139). Experiments 
wUch have beenmade in this connection on stable hydrotribromides, 
such as those of 5 :4'-dichloro-l-anilinob6nzthiazole and l-imino-2- 
ethyM :2-dihydrob6nzthiazol6 indicate that the error introduced in 
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this way is o! the order of that observed in the analysis of this hydro- 
heptabromide. On reduction with sulphurous acid and sulphur 
dioxide; the hydroheptabromide yielded 2-o-toij/Wm/no-3-p(?)-6romo*o- 
tolyl4-kctotetrahydrothiazole which had m.p. 129*=* after recrystalljFa- 
tion from alcohol-ethyl acetate. (Found: Br, 27*4. Ci^Hj^ONgBrS 
requires Br, 27*0 per cent.). This was also obtained (m.p. 126*^) by 
evaporation of the chloroform layers obtained in titration experiments 
on the hydroheptabromide. 

On exposure to air, the hydroheptabromide rapidly lost bromine 
yielding a bright yellow crystalline hydrotribrornidCt m.p. 132® 
(decomp.). (Found: Br, 51*6. Ci 7 HieON 2 Br 4 S requires Br, 
52*0 per cent.), 

On more h an one occasion in our earlier experiments we 
isolated a red crystalline bromo-addition compound from the bromi- 
nation of di-o-tolyl-^-thiohydantoin which had the composition of 
a hydropentabromide of 2-o*tolylimino-3-bromo-o-tolyl-4-ketotetra- 
hydrothiazole, m.p. 109-10®. (Found: Br, 611. 0^ 7 H] ^^ONoBr^S 

requires Br, 61*8 per cent,). The low melting point of this substance 
suggests, however, that it was most probably a eutectic mixture 
of the hydroheptabromide and hydrotribromide. 

s-o~TolyU'p-bromorO‘tolyUhiocarhamide. — A solution of o-tolyl- 
thiocarbimide (1*2 c.c. in 4 c.c. of alcohol) was added to a solution 
of p-bromo-o-toluidine (2*5 g.) in the same solvent (8 c.c.), and the 
mixture was evaporated on a steam-bath until crystallisation com- 
menced. On recrystallisation from alcohol-ethyl acetate (animal 
charcoal), the thiocarbamidc was obtained in soft flaky white crystals, 
m.p. 162®, (Found: Br, 24*3. Cj 5 Hi 5 N 2 BrS requires Br, 23*9 per 
cent.). Attempts to synthesise 2-o-tolylimino-3-p-bromo-o-toIyl-4- 
ketotetrahydrothi azole from this compound by condensation with 
monochloroacetic acid and pyridine in alcohol led only to gummy 
resins which could not be investigated. 

The authors wish to thank Mr. H. Morland, M,Sc. for carrying 
out some of the preliminary experiments in connection with this 
investigation at the Imperial College of Science and Technology, 
South Kensington in 1926. 
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The Alkaloids of Holarrhena Antidysenterica 
Part I. Three New Alkaloids from the 
Bark of Indian Holarrhena and New 
Methods of Isolation and Further 
Purification of Conessine. 

By Salimuzzaman Siddiqui and P. Pakameswakan Pillay. 

• 

A good volume of work has already been done on the different 
species of Holarrhena, resulting invariably in the isolation of cones- 
sine (O 24 H 4 QN 2 ), both from the bark and seeds of the plants. Pyman 
(J. Chem. Soc.j 1919, 115 , 163) isolated from the seeds of Solanhena 
congolensisy Stapf. another alkaloid, holarrhenine (C 24 H 38 ON 2 , 
m,p, 197-98®), besides conessine (m.p. 125®, Corr., yield 0*25 p.c.). 
A little earlier Ulrici {Arch. Phar7n,, 1918, 256 , 57), working on the 
bark and seeds of Holarrhena africana, had contended to have isolat- 
ed J^rom conessine melting at 121 '5® two different bases, viz.^ (i) the 
“ true conessine ", C 23 H 38 N 2 , cubical crystals, m.p. 126® and («) 
homo- conessine, C 25 H 42 N 21 (broad needles which begin to soften 
and effervesce at 60® and have a persistent solid nucleus which does 
not clear upto 130®), but Giemsa and Halberkann (Arch. Pharm.^ 
1918, 256 , 201 ), who also worked on the same plant, held them to 
be identical with conessine as obtained by the previous authors. 
Ghosh and Ghosh ( Indian Chem. 80c. y 1928, 5, 477) communi- 
cated the isolation of two new alkaloids, kurchicine (m.p. 173®-75®, 
yield 0*12 p. c.) and kurchine (m.p. 73-76®) besides conessine (m.p. 
120 ®, yield not mentioned). 

Owing, on the one hand, to the immense medicinal interest 
acquired by Holarrhena antidysenterica in later years, and on the 
other, to the amount of controversy that hangs round the problem of 
its alkaloidal constituents, we found it of interest to undertake a 
systematic study of the alkaloids of this plant. 

As a result of our investigations we have succeeded in obtaining 
conessine melting &t 126° (Corr.) in a yield of 0*4 p.c. on the weight 
of dry powdered bark and three new alkaloids, viz.t 

(0 Gonessimine, C. 23 H 38 N 2 , m.p. 100°; distils to a crystalline 
mass at 230° /I *8 mm; [a]2®= -22’6°; C 23 H 3 gN 2 , 2 HgO, m.p. 
91°, yield 0*12 p. o. 

5 
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(u) Holarrhimine, C2iH360N2> m.p. 188® (Corr.); —14*19®, 

(yield 0*12 p.o. in fresh and 0*03 p.o. in older bark). 

(mT Holarrhine, CaoHggOgNg, m.p. 240®; [a]?>2= -17*01®. 

The formula for holarrhine has been assigned only provisionally, as 
the nitrogen value was too low and the substance did not suffice for 
a control combustion. 

The method which first led to the isolation of conessimine was 
based on a repeated fractional precipitation of the sulphuric acid 
soluble portion of the alkaloids with ammonia, whereby the middle 
fraction gave conessimine in a very low yeild as a hydrate 
fairly insoluble in moist ethyl acetate. A quantitative isolation of it, 
however, was only possible on exploiting its two very important 
properties, the formation of its carbonate by passing carbon 
dioxide into a solution of the different bases in moist petroleum ether, 
and the insolubility of its bydroiodide in water and alcohol. Cones- 
sine, which also forms an insoluble crystalline hydroiodide and 
belongs to the fraction of weaker bases, does not form a carbonate and 
can be crystallised out from acetone. The separation of holarrhi- 
mine and holarrhine was possible only through a fractional crystalli- 
sation of the bases, obtained from the water insoluble crystalline 
sulphates, out of methyl alcohol-ethyl acetate mixture in which 
holarrhine is much less soluble than holarrhimine. 

Conessimine, is diaoidic like conessino, contains one active H and 
2 N-CH3 groups and forms a crystalline mononitroso derivative. 
It thus appears to be a secondary-tertiary base. Holarrhimine, is 
also diacidic, contains no OCH3 or N-CH3 group, as against 
8N-OH3 in holarrhenine, and showed the presence of 3 active H, 
which could be accounted for by assuming, that it contains 1 OH and 
2 :NH groups, as this base also gives a non-basic nitroso derivative, 
which, however, could not be obtained crystalline so far due probably 
to its being a mixture of mono and dinitroso derivatives. 

About the close oi our present investigations appeared second part 
of “The alkaloids of the bark of Holarrhena antidyaenterica* ’ by Ghosh 
and Bose {Arch. Pharm.^ 1932, 270, 100), in which the authors have 
characterised in detail the two alkaloids, isolated by Ghosh and Ghosh 
in 1928 (ioc. cit.). Also, Haworth (J. Chem, Soc,, 1932, 681) has 
communicated the isolation of a new base from the seeds of Holarr- 
hena antidysenterica by distilling the mother liquors of conessine^ 
obtained from Simonsen (J. Ghent. 80c. ^ 1926, 2123), which he has 
called norconessine. 
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In the face of the analytical data and general characteristics of 
holarrhimine it is quite apparent that it is different from Py man’s 
holarrhenine, Cg 4 H 330 N 2 » m.p. 197®-98®, [a]i> =—71®.'' As to 
Ghosh’s kurchicine, O 20 H 36 ON 2 , m.p. 175®, — 8‘45®, it is 

either a different base altogether, which we have not yet succeeded 
in isolating, or a mixture of holarrhimine and holarrhine, as nothing 
has been done by the authors to separate these two bases, which 
crystallise together as sulphates. 

With regard to conessimine and Ghosh’s kurchine, C 23 H 3 gN 2 » 
m. p. 73-76®, distilling at 233° /I mm. to a waxy mass, 
-~7'57®, there can be no doubt that the latter, if pure, is 
quite different from the former. On comparing, however, the 
methods of isolation of the two bases, it appears more likely that 
kurchine should prove to bo chiefly conessimine in admixture with 
the non-carbonate forming bases of the conessine group. Also 
Haworth's norconessine is evidently different from conessimine as 
the former is a liquid at ordinary temperature, has [«]»= +7® and 
contains like conessine 3 N-CH 3 groups in its molecule as against 
2 in conessimine. 

As for holarrhine, its melting point and specific rotation are too 
far apart from those of both kurchicine and holarrhimine to allow of 
any possibility of its confusion with either. 

So far as conessine is concerned we believe to have attained to a 
higher degree of purity of the base than so far achieved. This was 
possible through a removal of the last traces of the carbonate-form- 
ing, petroleum ether soluble, secondary bases, with nitrous acid, 
whereby snow-white conessine melting at 126° (Corr.) was obtained. 
The melting point noted by the different authors for conessine vary 
from 122° to 126® (Corr.), the latest melting point observed for 
pure conessine by Spiith (Ber.y 1980, 63, 126) being 123®. With 
regard to the two crystalline forms of conessine, needles and plates, 
which have formed a source of controversy between Ulrici (loc, cit,) 
and Giemsa and Halberkann {lac, cit.), we have incidentally noted, 
that the plates are the more stable form for conessine. 

Experimental. 

The material used was obtained from a vaid dealer in drugs in 
Lahore and identified by the Sibpur Botanical Institute, Howrah. 

The dry powdered bark (about a year old) (17 kg.) was percolated 
eight times with a mixture of 80 parts of ether with 10 parts of alcohol 
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shaken up with 10 parts of liquor ammonia. The percolate was 
drawn out first after a week and later after every three days, gaseous 
HCl passed through it till just acid, and the ether decanted off from 
the precipitated hydrochlorides, made ammoniacal, and used again. 
After two extractions the ethereal solution decanted from the preci- 
pitated hydrochlorides was treated with ammonia and then with 
acetic acid to faint acidity and the solvent distilled off for further use. 

The residue left by the distillation of the extraction medium gave 
2 p.c. of neutral matter besides a small quantity of residual alkaloids 
which was added on to the main alkaloidal hydrochlorides. The total 
hydrochlorides were dissolved in 2 litres of water and treated with 
sodium sulphate which gave a cheese-like precipitate of insoluble 
sulphates, which was filtered and well washed with water. The fil- 
trate from the sulphates was treated with 20 p.c. sodium hydroxide 
and the alkaloids which were thrown out extracted with ethor. 

In this way 38 g. of an insoluble sulphate (30 g. free base) and 
326 g. of an ether-soluble reddish yellow treacly alkaloids were 
obtained, giving a yield of 2*1 p.c. of crude alkaloids. 

The ether soluble alkaloids were treated with petroleum ether and 
the soluble portion treated with moist carbon dioxide, which threw 
down an insoluble carbonate. The petroleum ether insoluble portion 
was dissolved in ethyl acetate and also separated into carbonate and 
non-carbonate fractions. After a long process of repeated fractiona- 
tions, rendered necessary because the separation of the different 
groups was not very clear cut, the bases were finally separated into 
three broad fractions : (A) sulphates insoluble in water, (B) 

carbonates insoluble in petroleum ether, and (C) non-carbonates 
soluble in petroleum ether. 

Fig. 1. Fig. 2. 
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Fig. 8. 



Holarrhine. 


IsoIatio7i of the Bases, 

Concssino , — The fraction (C) gave by direct crystallisation from 
acetone crude conesBine (80 g.) which softened at 110^ and melted 
at 110-18®. On recrystallisation out of acetone after removing the 
last traces of carbonate-forming bases by passing CO 2 into its 
solution in petroleum ether, suspended over water, conessine which 
begins to soften at 123® and melts at 124® (yield 68 g.) was obtained. 
On removing the last traces of secondary bases by treatment with 
NaN02 in acetic acid solution, conessine melting at 126® (Corr.) 
was obtained, the melting point remaining unaltered on further 
crystallisation either directly or through its crystalline oxalate. 

Conessimine . — The fraction (B) of carbonates was dissolved in 
hydrochloric acid and fractionally precipitated with ammonia and 
NaOH. By a repeated fractionation three fractions were finally 
obtained. The strongest basic fraction gave the residual insoluble 
sulphates and a fraction of soluble sulphates. The former was added 
on to the main fraction of sulphates and the base from the latter 
mixed with the middle fraction. The weakest basic fraction gave 
some residual conessine aSd chiefly petroleum ether insoluble 
carbonates, the base from which was also added on to the middle 
basic fraction. This was now dissolved in dilute HCl and KI was added 
to the clear solution in small portions in the cold till the fresh 
addition of it did not produce any further precipitate. The 
hydroiodide which came down as a thick oil, soon turned 
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crystalline (yield 50 g.). After repeated reorystallisations out of a 
methyl and ethyl alcohol mixture the nearly colourless crystalline 
hydroiodide, m.p. 308-10° (decomp.) (pure conessimine hydroiodide 
melts at 318-1^9°) was converted into base, which was dissolved in 
moist petroleum ether and a slow current of CO^ passed through the 
solution at ordinary temperature. The base from the precipitated 
carbonates was dissolved in ethyl acetate, the solution concentrated 
to a small volume and kept in the cold after adding some water to 
it, when conessimine hydrate crystallised out in long slender needles. 
After recrystallisation from the same medium or out of alcohol-water 
it melted at 91°, turning immediately into a buttery mass, which 
melts down giving a clear meniscus at 100 °, yield 0*12 p.c. 

Holarrhine. — The combined insoluble sulphates (38 g.) were 
treated with 10 p.c. HCl in the cold which dissolved out the major 
portion, forming a deep red solution. The nearly white, granular 
residue was then dissolved in hot 10 p.c. methyl alcoholic HCl, the 
solution neutralised with ammonia and an equal quantity of 1 p.c. 
H 2 SO 4 . added to the solution in the hot. On cooling, white silky 
crystals of the sulphate separated out (yield 10 g.). The base from 
sulphate, was dissolved in hot methyl alcohol, and ethyl acetate 
added to the solution till beginning of turbidity. After keeping for a 
day in the cold a colourless silky crystalline mass separated out, 
which on recrystallisation out of methyl alcohol and ethyl acetate, 
yielded holarrhine, m. p. 240°, a subsequent recrystallisation 
leaving the m.p. unaltered, yield 0*6 g. 

Holarrhimine. — On completely removing the solvent from the 
combined mother liqours of holarrhine, the hot ethyl acetate solution 
of the residue gave star shaped needles on cooling, m.p. 
180°. After repeated recrystallisations from the same solvent 
holarrhimine was finally obtained, m. p. 183° (Corr.), yield 4 g., 
0*03 p.c. 

Bight in the beginning of the present investigations holarrhimine 
was isolated with comparatively much greater ease in a yield of 
0*12 p. c. out of the fresh bark. 


Characterisation of the Alkaloids^ their Salts and Derivatives, 

Conessimine, 

Conessimine orj^stallised out of its ooncentrated solutions in 
petroleum ether, ethyl acetate or acetone in microscopic white 
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needles, m.p. 100^. It is fairly soluble in all the common organio 
solvents. In 2*606 p.c. solution in chloroform it showed a rotation 
[a]8^i=--22•26^ [Found: C, 80*7, 80*6; H, 11*4, 11 * 1 ; N. 8*7; 
M. W. (cryoscopic in benzene), 358. requires C, 80*7; H, 

11 * 1 ; N, 8*2 per cent., M. W,, 342]. Out of moist ethyl acetates 
sparingly soluble dihydrate of the base crystallises out in long slender 
needles or oftener in aggregates of short spike formed needles, m.p. 
91^ (c/. Fig. 1). (Found: C, 72*9; H, 11*0; HgO, 9*3; CggHseNg, 
2 H 2 O requires C, 73*0; H, 11*1; H 2 O, 9*5 percent.). 

Conessimine distils at 230® /I *8 mm. to a viscous oil which %oon 
• starts crystallising and was found to be the unchanged base, although 
the rotation was slightly reduced — [a]p^= — 20 * 0 ° in chloroform 
in a concentration of 2*476 p.c. 

Dissolved in concentrated £[^864 on a watch glass, conessimine 
forms a colourless solution, which changes to brilliant yellow 
after standing for sometime or more quickly on beating for a few 
minutes on the water-bath. If the watch glass is now exposed to 
the atmosphere, first a green and then a blue ring begins to develop 
from the outermost edge of the solution slowly masking its preced- 
ing colour towards the centre, giving a rainbow '’effect to the whole. 
Finally a' pinkish violet ring is noticeable from the outer edge of the 
blue ring. On gradual addition of drops of water to the original 
bright yellow solution under stirring, it changes the colours in the 
same sequence, as observed by Warneke and others in the case of 
conessine. We found Conessine also to give similar coloured rings 
as conessimine. 

Determination of active H (Zerewitinoff *s method) showed 
the presence of one active H in the molecule. (Found: H, 0*35, 
C 23 H 38 N 2 requires H, 0*29 per cent.). 

Determination of N CH3 (Herzig and Meyer's method) showed 
the presence of 2 N-CH3. (Found : CH3, 8 * 8 . C 23 H 38 N 2 requires 
( 2 N.CH 3 ) CH 3 . 8*8 per cent.). 

Conessimme carbonate was obtained on passing CO 2 through 
a moist petroleum ether solution of the base as a thick voluminous 
white precipitate, which is soluble in alcohol and insoluble in water 
and dissolves in dilute acids with effervescence. Dried in the air it 
begins to soften at 70°, giving off CO 2 , and melts in^definitely upto 
105®. It is soluble in cold alcohol and insoluble in petroleum ether 
saturated with CO 2 , but hot petroleum ether dissolves it owing to 
decomposition of the unstable salt, 
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Coneasimine hr/drochloride, prepared by adding dry ethereal 
hydrochloric acid to a solution of the base in dry ether, forms a white 
amorphous powder, is exceedingly soluble in water and alcohol, and 
showed a rotation in 3*708 p.c. solution in water [a]p^= — 16-10®. 
When dried in vacuo at 100® it melts at 342-41®. (Found: Cl, 
16*9. C 23 H 38 N 2 , 2 HCl requires Cl, 17*1 per cent.). 

Conessimine chloroplatinate, prepared by adding 6 p.c. platinic 
chloride solution to an aqueous solution of conessimine hydrochlo- 
ride, formed a cream coloured powder, m.p. 301° (decomp.) and is 
insoluble in alcohol or water. (Found: Pt, 26*0. C23H38N2» 

2 HCl, Pt CI 4 requires Pt, 25*9 per cent.). 

Conessimine aurichloride, obtained as above, forms a yellowish 
powder, which is insoluble in water and soluble in alcohol. When 
heated after drying in vacuo, it begins to get reddish at 130®, 
thick red Sticky fluid at 140®, and decomposes with evolution of gas 
at 166®. (Found: Au, 38*3. C 23 H 3 QN 2 , 2 HCl, AUCI 3 requires Au, 
38*6 per cent.). 

Conessimine hydroiodide was obtained by adding KI solution to 
an aqueous solution of the hydrochloride as a thick oil, which 
quickly turned crystalline. Kecrystallised from water it melts at 
318-19® (decomp.). (Found: I, 42*9. C 23 H 3 gN 2 , 2 HI requires 
I, 42*6 per cent ). 

Conessimine picrate was obtained by adding a concentrated 
aqueous solution of picric acid to the aqueous solution of the hydro- 
chloride as a brilliant yellow powder, m.p. 172-74®, which is very 
sparingly soluble in hot water or alcohol, and comes out of the 
former solvent in stars of long rectangular planks. 

Nitrosoconessimine , — To a cooled solution of the base (0*3 g., 1 
mol.) in 8 c. c. of 10 p.c. acetic acid was added a concentrated 
solution of sodium nitrite (0*18 g., 3 mol.) and the reaction mixture 
was left overnight, when crystalline amber coloured needles (0*24 g.) 
separated out, which when filtered and washed first with dilute acetic 
acid and then with water to remove traces of unchanged base, 
melted at 240-41® (decomp.) after drying in vacuum. (Found : N, 
11*9. C23H37N2'N0 requires N, 11*8 per cent.). 

Holarrhimine. 

Holarrhimine was precipitated from aqueous solutions of its salts 
by concentrated ammonia as a gelatinous mass and in a more filter- 
able form by caustic soda solution. It crystallised out of ethyl 
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acetate in colourless star-shaped radiating needles (cf. Fig. 2), m.p. 
188® (Corr.)* It is very soluble in alcohol and chloroform and 
almost insoluble in ether and petroleum ether. In 4'793 p. c. 
chloroform solution it shows a rotation of [a]iD''^= —14*19®. The rota- 
tion was found to diminish on long treatment of the base with 
hydrochloric acid. After drying in vacuo at 100® the base gave the 
following analysis. (Found: C, 7<5'6, 75*8; H ll'l, ll’O; N, 8*3. 
C 2 jH 360 N 2 requires C, 75*9; H, 10*8; N, 8*4 percent.) 

Holarrhimine is a diacid base, has no OCH 3 or N‘CH 3 group, 
but shows the presence of three active H. (Found : H, 0*88. 

ON 2 requires H, 0*90 per cent.). * 

Holarrhimine carbonate separated out as a bulky amorphous 
powder on dissolving the base in moist ethyl acet»ite and passing 
CO 2 through the solution. When washed with ethyl acetat^ salurat- 
• ed with CO 2 and dried in the air it begins to give off CO 2 from 
80® upwards without showing any definite sign of melting It dissolves 
in acids with effervescence, is fairly soluble in alcohol and insoluble in 
other organic solvents in the cold. 

Holarrhimine hydrochloride was prepared by adding ethereal 
hydrochloric acid to a chloroformio solution of the base, m, p. 345® 
(decomp.). It is very soluble in alcohol, less so in water, and 
sparingly soluble in 10 p. c. aqueous or alcoholic HCl, It crystallises 
from water in star-like aggregates of broad plates. In 2*193 
p. c. methyl alcoholic solution it shows a rotation of [a] V ~ “”22*80®, 
(Found :C1, 17*2. C 2 iH 3 ( 30 N 2 . 2HC1 requires Cl, 17*5 per cent.). 

Holarrhimine chloroplatinate, prepared as in case of conessi- 
mine, forms a cream coloured powder, insoluble in alcohol 
or water, darkens at 270® and chars above 300® without 
melting. (Found :Pt, 26*2. C 2 |H 3 ( 50 N 2 , 2HC1, PtCl 4 requires Pt, 
26*3 per cent.). 

Holarrhimine hydrobromide was prepared by dissolving the 
base in dilute HBr and allowing it to cool, when it came out as a 
crystalline mass. On reorystallisation out of water in which it is 
sparingly soluble it formed star-shaped aggregates of thin plates and 
broad needles, m. p. 368-60® (deoomp.). 

Holarrhimine picrate, prepared by adding dry ethereal picric acid 
to an alcoholic solution of the base, formed a heavy crystalline 
powder, m. p. 198-200® (decomp.). It crystallises from hot water, 
in which it is fairly soluble, in brilliant yellow plates with a silky 
lustre, apparently in hydrated form (m. p. 108-10®), 

6 
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. Holarrhimine sulphate was prepared by dissolving the hydrooUot 
ride in methyl alcohol and adding dilute sulphuric acid to the solution 
till beginning of turbidity at water*bath heat, when it soon orystallised 
out in snow-white silky needles and spangles, m. p. 837^. It is 
almost insoluble in water and all the organic solvents. 

Holarrhine. 

Holarrhine crystallised from a mixture of methyl alcohol and 
ethyl acetate in white needles, m. p. 240°. It is very soluble in 
methyl and ethyl alcohols, sparingly so in chlorof )rin, and almost 
insoluble in ethyl acetate, ether and petroleum ether. (Found :C, 
67^4; H, 10*3; N, 6 5. C 20 H 33 O 3 N 2 requires C, 67*8; H, 10*7; 
N, 7*9 per cent.). In 4*992 p. o. methyl alcoholic solution, it 
shows a rotation of [a]^i?= — 17*01°. It gives a distinct precipi- 
tate on addition of sodium nitrite solution into its acetic acid solu- 
tion and so appears to be a secondary base. 

Holarrhine chloroplatinate was obtained on addition of a cooled 
8 p. c. platinic chloride solution to a cooled aqueous solution 
of the hydrochloride as a yellowish amorphous powder darkening 
from 270° onwards, and charring above 300°, (Found: Pt, 26*4. 
C 2 oH 3 g 03 N 2 i 2HC1, ttCl 4 requires Pt, 26‘5 per cent ). 

Holarrhine picrate, prepared aff in case of holarrhimine, formed a 
pale yellow semi-crystalline powder which begins to darken at 275°, 
but does not melt upto 320°. 


Conessine, 

Conessine crystallises out of acetone in large prismatic plates, 
but from more dilute solutions as long flat needles or 
aggregates of shorter needles, if allowed to crystallise slowly and 
completely undisturbed. On stirring, however, the needles 
abruptly changes into plates. If carefully dried, the needles can be 
cc^ected as such and show the same m. p. as the plates. (Found : 
0, 80*9; H, 11*3. C 24 H 10 N 2 requires C, 80*8; H, 11*8 per cent.). 

Conessine hydrochloride, prepared by adding ethereal HOI to a 
solution of the base in dry ether, formed a wtiite powder, which 
browned up at 385° and melted at 388-40° (decomp.). 

Conessine hydroiadide, prepared like conessimine hydroiodide, 
formed long colouriess bars, m p. 808° (decomp.). (Pound : T, 41 * 2 ! 
^^ 4 . 340 ^^* 2HI requires I, 41*6 per cent.). It is difficultly soluble in 
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water, fairly soluble in methyl alcohol, less so in ethyl alcohol and 
in other organic solvents* 

ConeMsine picrate was obtained by adding ethereal picric acid to a 
dry ethereal solution of the base as a brilliant yellow semi-crystalline 
powder m. p. 222-24® (decomp.). It crystallises out of hot 
water in stars of crowded needles. 

ConesBine oxalate, prepared by dissolving the base in 10 p, c. 
aqueous oxalic acid, formed a white crystalline powder which on 
recrystallisation out of water melted at 372® (decomp.). 


^Colour reactions of the alkaloids of Holarrhena antidysenterica. 

Beagent. Conesaimine. CooeBaiDe. Holarrbimioe. Holarrhine. 

Gone. ColourlesB ; after Same as 

HjSOi standing for } hr. or conessimine. 
on warming for nbout 
5 min. bright golden^ 
yellow to orange ; 
on addition of water, 
yiolet. 


Colourless Do Colour less Do 

Cone. Yellowiab greeu to Same as Deep green, water Same a« 
H28O4 deep green according conessimine. lightens colour. holarrhimine. 
and to concentration ; on 

EsCr207 adding water colour 

lightens. 


Erdmans Q olden yellow ; on Do Deep red Do 

adding drops of 
reagent water turns succes- 

sively green, blue and 
then violet. 

Frobdes Grass green, then Do Yellowish green; 

deep green ; colour on warming brown 

reagent lightens on addition with a greenish 

of water. yellow tinge; on 

adding a little water 
deep reddish brown, 
on furthur dilution 
deep red. 


KbBBAECR iNfiTlTTJTt, 
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Yellowish red ; • Same as 

then bright red ; holarr 
water lightens colour, himine* 




Metallic Cerinm in Organic Synthesis. 

By Jagaraj Bbhari Lal and Sikhibhushan Dutt. 

Since the middle of the ninteenth century various metals, 
sodium, potassium, silver, zinc, copper, mercury, magnesium, alumi- 
num, etc., have been used more or less successfully in organic 
synthesis, but the metal cerium which has been a chemical curiflsity 
<or quite a long time and whose commercial manufacture has been of 
comparatively very recent origin, has not received any application in 
organic synthesis upto this time. Consequently the present investi- 
gation was undertaken. Details of the successful oxperiibents are 
given in the experimental part, while those of the unsuccessful 
attempts are omitted. 

Experimental. 

pry distillation with cerium poivder , — In these experiments 
various organic compounds were submitted to dry distillation with 
cerium powder in a current of pure hydrogen in accordance with the 
method already described by Ray and Dutt (7. Indian Chem, Soc,, 
1928, 5, 103 ; cf, also Chakrabarty and Dutt, zfetd., p. (513). The 
results are summarised in the table below. 


Bubstance. 

Or VUJ ouua ^ 

distillation. 

Main product. 

Yield. 

By-products. 

Phenol 

470* 

benzene 

39% 

diphenyl 

Besorcinol 

600*-540‘‘ 

M 

42 

phenol 

Hydroqninone 

ff 

1 1 

40 

•• 

Pyrogallol 


»• 

27 

phenol, cateehol 

a^Naphthol 

tf 

naphthalene 

60 

nil 

jS^Naphthol 

>* 

»> 

66 

nil 

a-Nitron aphtha lene 

.. 

a.naphtbylarDine 

49 

nFphtbalene 

p-Nitrotoluene 

* »» 

p-toluidine 

33 

toluene 

Salicylic acid 

f * 

benzene 

51 

phenol 

Phthalic anhydride 

dull red heat 

pbtbalide 

12 

benzaldehyde 

Banaoio acid 

»» 

benzene 

80 

diphenyl 
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8ttbgtance. 

Temperature of 
distillation. 

Main product. 

Yield. 

Bj-prodnets. 

p-Nitro{^nol 

dull red beat 

aoilina 


p-aminophenol 

o-Nitropbenol 

>» 

•I 

87 

o-aminopbenol 

Azobeneene 

9 » 

*♦ 

32 

nil 

Aatfaraqainone 

t, 

anthracene 

61 ' 

nil 

PlieDanthraquiDone 

II 

pbenanthreoe 

54 

nil 

p-Ntlroaniline 

400** 

p-phenylenediamine 

32 

auiline 

Benzopbeuoae 

If 

diphenyl methane 

69 

nil 

Thiodiphenylamine 

dull red heat 

carb azole 

66 

hydrogen sulphide ^ 

Priedel and Craft's 

Reaction with Cerium Powder, 


Triphenylmethane from benzal chloride and benzene , — Benzene 
(18*7 g.), benzal chloride (8*6 g,) and cerium powder (6 g.) were re- 
fluxed together on a water-bath for 10 hours. The dark violet product 
was filtered from the excess of cerium and fractionated to remove 
benzene and benzal chloride. The solid residue crystallised from 
alcohol in needles, m. p. 92^ and was identified to be tripbexiyl- 
methane, yield 1*2 g. 

Triphenyl carbinol from benzoyl chloride and benzene , — A mixture 
of benzene (50 g.), benzoyl chloride (15 g.) and cerium powder (4 g.) 
was heated under reflux for 16 hours. Dark red product was frac- 
tionated as above and the fraction above 250® crystallised in yellow 
needles from alcohol, m, p. 160® and identified as triphenyl carbinol, 
yield 7*2 g. 

Benzoylbenzoic acid from benzoyl chloride and benzoic aoid,^^ 
Benzoyl chloride (7*5 g.), benzoic acid (6 g.) and cerium powder (4 g.) 
were refluxed at 160® for 12 hours. The dark violet product was treat- 
ed with dilute hydrochloric acid and steam distilled until benzoic acid 
ceased to come over. The hot filtrate deposited needles of o-benzoyl- 
benzoic acid on cooling, m. p. 128®, yield i6'l g. 

Triphenylchloromethane from benzotrichloride and benzene,--^ 
Benzotrichloride (6*8 g.), benzene (20 g.) and cerium powder (8 g.) 
were heated under reflux for 14 hours. The dark red product was 
fractionated at 15 mm. from an oil-bath at 160® until nothing further 
distilled over. The solid residue crystallised from carbon disulphide 
in pale yeUow prismst m. p. 106® and was identified to be tnphenyl* 
chloromethane* yield 1*6 g. 
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Diphenyl from benzene and bromohenzer^e. — Benzene (12 g.), 
bromobenzene (8*6 g.) and cerium powder (4 g,) on refluxing for 
20 hours gave very feeble reaction. The yield of diphenyl isolated on 
fractionation was only 0*25 g., m. p. 68®. 

Diphenyl from chlorobenzene and benzene. — Reaction was carried 
on as above. H^ield of diphenyl from 11 g. of chlorobenzene was 
only 0*8 g. 

Diphenyl from iodobenzene and benzene. — Reaction was carried on 
as above. Yield of diphenyl from 81 g. of iodobenzene was only 

0-22 g. 

Triphenylmethane from benzene and chloroform. — -BenzencT (18 
*g.), chloroform (18 g.) and cerium powder (4 g.) were refluxed for 
12 hours. The dark violet product was fractionated first at ordinary 
pressure and then at 8 mm. over naked flame. The last product 
solidified on cooling and crystallised from alcohol, m. p. 92® and 
identified to be triphenylmethane, yield 2*6 g. 

Anthraquinone from benzene and phthalyl chloride. — Phthalyl 
chloride (10 g.\ benzene (12 g.) and cerium powder (4 g.) were re- 
fluxed at 170*80® for 6 hours. The reaction mixture was treated 
with dilute hydrochloric acid to remove cerium and with dilute caustic 
soda to remove phthalic acid. The benzene was distilled off and resi- 
dual anthraquinone crystallised from acetic acid, m. p 276®, yield 
8-6 g. 

Benzylidenc acetophenone from benzal chloride and acetophe- 
none. — A mixture of acetophenone (3 g.), benzal chloride (4 g.) 
and cerium (1*2 g.) when refluxed at 180-200® for 4 hours gave a ver^ 
vigorous reaction and the product on alcohol extraction yielded 
a crystalline solid. It was recrystallised from ligroin and identified 
as benzylidene acetophenore, m. p. 67®, yield 3 g. 


Zinche*B Reaction with Cerium Powder. 

Diphenylmethane from benzyl chloride and benzene. — Benzene 
(88*6 g.), bensyl chloride (20 g.) and cerium (5*2 g.) were refluxed 
for 10 hours. Tfae dark red -product was filtered, washed with water, 
-dried and fractionated. The fraction between 2i50-80® (11*2 g, flfedli- 
stilled at 260-62®) was collected and identified to be diphenylmethahe. 
Lower fractions contained benzene and benzyl chloride and the higher 
fractions triphenylmethane and apm-tetraphezstylethane, (4*2 ata} 
1*^6 g. respectively). 
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Phenyltolylmethane and dibenzyUoluene from benzyl chloride and 
toluene, — mixture of benzyl chloride (25*8 g.), toluene (34 g.) and 
cerium (6 g.) was refluxed at 110-20® for 10 hours. The product was 
purified and fractionated as above. The fraction at 260-85® (redistilled 
at 276-82® and then again at 279-80®) was identified to be phenyl- 
tolylmethane (yield 23 1 g.) and that above 310® (subsequently 
redistilled at 390-98®) as dibenzyltoluene (12*4 g.). 

Anieoylphenylm ethane from anisol and benzyl chloride .—Anisol 
(22 g.), benzyl chloride (21 g.) and cerium powder (5 g.) were re- 
fluxed at 110-20° for 8 hours. The mixture was purified and frac- 
tionated as above. The fraction at 300-15° (redistilled at 305-10°) 
was identified to be anisoylphenylmethane i.e. p-methoxydiphenyl- 
methane (yield 18 ‘8 g.) and the fraction at 378-80° (9*2 g.) was 
most probably dibenzylanisol but could not be identified for want of 
accurate information. 

Phenetoylphenyrnethane from phenetol and benzyl chloride. — A 
mixture of phenetol (20*4 g.), benzyl chloride (18*2 g.) and cerium 
(5 g. ) were treated as above, and the reaction product similarly 
fractionated. The fraction at 312-45° (redistilled at 338-41°) was 
identified to be p-ethoxydiphenylmethane (yield 26*8 g.). The dark 
red residue in the distilling flask crystallised from alcohol in bright 
yellow plates, m.p. 57° and was probably dibenzylphenetoi, but 
could not be identified for want of data (yield 2' I g.). 

BenzylquinoJ dimethyl ether from benzyl chloride and quinol di^ 
methyl ether. — Quinol dimethyl ether (14 g.), benzyl chloride 
(iO g ) and cerium (6 g.) were refluxed at 120-30° for 10 hours. The 
product was purified and fractionated as above and the fraction at 
345-60® (redistilled at 354-56°) identified as benzylquinol dimethyl 
ether, yield 14*2 g, 

p-Benzylphenol from benzyl chloride and phenol, — Benzyl chlo- 
ride (16 g.), phenol (21 g.) and cerium (6*2 g.) were heated at 70® 
for 4 hour and then at 120-30® for 6 hours. Eeaction was very vigo- 
rous. The product' was purified and fractionated as above. The frac- 
tion at 310-30® (redistilled at 320-22°) was identified as p-benzyl- 
phenol (yield 27*6 g.) and the fraction at 360-70® (redistilled at 
365-67®) which was free from phenolic group was identified as p- 
benzylphenol benzyl ether, 06H5CH.2*C(jH4*0*CH2CeHj5, yield 3*2 g. 

Acetophenone from acetyl chloride and benzene, — Benzene (16 
g.), acetyl chloride (12 g.) and cerium (4 g.) when refluxed for 6 hours 
gave a very vigorous reaction. The product was treated with ice-cold 
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liydroohloric wid and the resulting yellow oil washed, dried and 
fractionated. Tbe fraction at 185®-210® (redistilled at 198-200®) was 
identified as acetophenone, yield 12*2 g. 

B enzophenone from benzoyl chloride and benzene. — On refluxing 
a mixture of benzoyl chloride (10 2 g,), benzene (16 g.) and cerium 
(3*5 g.) for 12 hours, the product was filtered, washed with strong 
caustic soda and water, dried and fractionated. The fraction at 
300-16® solidified in the receiver and after recrystallisation from 
alcohol (m. p. 47®) it was identified as benzopbenone, yield 2*9 g. 

ReformatsJci's Reaction with Cerium Powder. 

A mixture of acetophenone (12 g.), ethyl chloroacetate (12 g.), 
cerium (10 g.) and dry benzene (70 g.) was refluxed with the 
addition of a minute crystal of iodine for 2 hours. Reaction was 
very vigorous. The product was treated with ice-cold dilute hydro- 
chloric acid, washed with sodium hydroxide and water, dried and 
fractionated at 5 mm. The fraction at 112-30® (redistilled at 118-20®) 
was identified as /3-phenylmethylhydroxypropionic ester, yield 6*1 g. 

The above reaction was tried with ethyl bromoacetate instead of 
ethyl chloroacetate, yield 9*3 g. 

Vllmann*8 Reaction with Cerium Powder. 

Diethyl succinate from ethyl chloroacetate and ethyl acetate. 
mixture of ethyl chloroacetate (12 g.), ethyl acetate (10 g.) and 
cerium (3 g.) ^as refluxed at 110-20® for 12 hours and the product 
filtered, washed, dried and fractionated. The fraction at 200-20® (re- 
distilled at 210-18°) was identified as diethyl succinate, yield 3*8 g. 

Adipic acid from pdodopropionic acid. — When /3-iodopropionic acid 
(5 g.) was heated with cerium (8 g.) at 160-70® for 8 hours 
much iodine liberated. The product was extracted with hot water 
and the aqueous solution on concentration gave adipic acid crystal, 
m.p. 148®, yield 0*7 g. 

Diphenyl from bromobenzene. — Bromobenzene (8 g.) and ceri- 
um (12 g.) were refluxed at 170-80® for 20 hours. The product 
was filtered and fractionated.-^ The fraction at 240-60® (redistilled at 
262 64°) solidified on cooling and recrystallised from ether, 
m.p. 70°, and was identified as diphenyl, yield 0*76 g. 

Diphenyl from (i) iodobenzene and (ii) chlorobenzene — Procedure 
was same as above, yields of diphenyl isolated, 0*5 g. from ^) and 
0^38 g. from (ii). 

7 
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Diphenyl ether from phenol and bromobenaene . — A mixture of 
pheaol (9'5 g.)» bromobenzene (17 g.)# cerium (5 g.) and anhydrous 
potassium carbonate (0’6 g.) was refluxed at 180-200® for 10 hours. 
The filtered product was steam distilled and the distillate was extracted 
with ether. The extract was washed with dilute caustic soda and 
water, dried and fractionated. The fraction at 240-60® (redistilled at 
253*54®) was identified as diphenyl ether, yield 3*5 g. 

Diphenylamine from aniline and bromobenzene , — Aniline (12 g.), 
bromobenzene (16 g.) and cerium (3 g.) were refluxed at 180-200® 
for 10 hours. The filtered product was fractionated and the fraction 
at 300-20® solidified, and recrystallised from alcohol, m. p. 52®, 
and identified as diphenylamine, yield 2*8 g. 

Succinic acid from chloroacetic and acetic acids . — A mixture of 
sodium chloroacetate (11*5 g.), anhydrous sodium acetate (8 g.) and 
cerium (4 g.) when heated at 110-20® for 1 hour gave a very 
vigorous reaction. The product was extracted with water and ammo- 
nia added in slight excess to precipitate ceric hydroxide. The boiled 
and neutral filtrate was treated with ferric chloride when ferric 
succinate was precipitated. This was decomposed in aqueous sus- 
pension by hydrogen sulphide and from the filtrate succinic tacid 
was extracted with ether, m.p. 185®, yieid 2*9 g. 


Neutral Reduction with Cerium Powder, 

Picramic acid and triaminophenol from picric acid . — Picric acid 
(10 g.) in alcohol (70 p.c.) containing ammonium chloride (4*6 g.) 
was vigorously shaken with cerium powder (25 g.) in a shaking 
machine. After 10 hours the product was completely reduced and 
yielded 63 p.c. of triaminophenol. After 5 hours the product consis^r 
ted of a mixture of picramic acid (85 p.c.) and triaminophenol 
(6 p.c.). 

Sulphanilic acid and dimothylaniline from methyl orange.^ 
Methyl orange (6*6 g.), water (1500 c.c.), cerium (15 g.) and 
ammonium chloride (3*5 g.) were shaken together for 3 hours. The 
product resolved into sulphanilic acid (2*1 g.) and dimethylaniline 
(1*9 g.) with complete reduction. 

o-Aminophenol from o^nitrophenol. — o-Nitrpphenol on similar 
treatment as above yielded o-aminophenol (79 p.c.). 

' Benzhydrol from benzophenone . — Benzophenone (6 g.), alcohol 
(150 c.c.y 70 p.c. ), ammonium chloride (3 g.) and eerium (6 g.) 
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were shaken for 20 hours. 6‘4 G. of benzhydrol (m.p. 66®) were 
obtained. 

Aniline from nitrobenzene . — Nitrobenzene (6 g.), ammonium 
chloride (0‘6 g.), water (100 c.c.) and cerium (16 g.) were shaken 
for 4 hours, then warmed on the water-bath for 1 hour with addi- 
tion of more cerium (12 g.). Yield of aniline 3'5 g. 

p-Toluidine from nitrotolMcwe. — p-Nitrotoluene on similar treat- 
ment as above yielded p-toluidine (66 p.e. ). 


Chemical Laboratory, Received August 25, 1932 

Allahabad Univbrsitx. 




A New Synthesis of 3:10-Diinethoxytetrahydro- 
protoberberine. 

By Satyendra Nath Chakravarti, N. Anantha Vaidyanathan 
AND A. Venkatasubban. 

3: lO-Dimethoxytetrahydroprotoberberine (V), which had pre- 
viously been prepared by one of us (Chakravarti and Perkirr, J. 
Chem, 8oc,, 1929, 196) has now been synthesised by a method similar 
to that used for the synthesis of 3: ll-dimelhoxytetrabydroproto- 
berberine (Chakravarti, Haworth and Perkin, ibid., 1927, 2265). j8-m- 
Methoxyphenylethylamine, prepared by a slight modification of the 
method previously described (/. Ghcm, Soc., 1927, 2269) was conden- 
sed with p-methoxyphenylacctic acid (prepared by a modification 
of the method of Mauthner, AnnaZ^n, 1909, 370, 374 ; Wakeman 
and Dakin, J, Biol, Ghent,, 1911, 9, 160; Cain, Simonsen and Smith, 
J. .Chem, 8oc,, 1913, 103. 1036) and p-m ethoxyphenylaC€to-)8- 

m-methoxyphenylethylamide (I) (m.p. SI") was converted in a 

yield of more than 80%- into 6-methoxy-l(4'-methoxybenzyl).3 :4- 
dibydrotsoquinoline (II). The base readily forms a hydrochloride 
and a picrate and oxidises rapidly on exposure to air and is readily 


/\OMe /\OMe 



reduced by zinc and sulphuric acid to 6-methoxy-l(4'-methoxybenzyl)- 
l:2:8:4-tetrahydrot4oquinolme (III), a base yielding a crys^oliine 
sulphate and piertyte. Attempts to convert (111) into 8 : 10-dimetho> 
xytetrahydroberberine by means of formaldehyde were unsuccess- 
ful, invariably gummy products being obtained. It wais ultimately 
found that treatment of the N-formyl derivative of (III) with phos- 
phorus osyohtoride gave 8 : lO-dimethoxydibydroprotoberberine (IV) 
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in 20% yield. The substitution of phosphorus pentoxide for the 
oxychloride did not effect any improvement in the yield. The base 
(IV) was not isolated as .such, except in a preliminary experiment, 
but directly reduced by zinc dust and hydrochloric acid 
to 3 ; 10 dimethoxytetrahydroprotoberberine (V), m.p. 139°. 
A mixed melting point with a specimen synthesised by the 


CHg 

I 

MeO\/ 

(HI) 


>^OMe 

/\OMe 

1 J 

CH 1 1 


CH 

I 

NH. 






X/CHg 

CHo 


I 1 




MeO\/\A 

t’Ha CHg 


CH., 


(IV) 


/XOMe 

I 1 
; 


CHg 

I I { 

MBO\y\X ^ X/CHs 
CHo CH„ 


(V) 


previous method {J, Chem. Soc,, 1929, 201) caused no depression. 

The interesting point which arises from this investigation is that 
whilst the first cyciisation, that is to say, the conversion of (1) into 

(II) takes place readily, the second cyciisation, i.c., the conversion of 

(III) into (IV) takes place with much less readiness. This is un,- 
doubtedly due to the presence of a para activating methoxy group in 
(1), and the absence of such a group in (III). 

Experiment.\l. 

p-Methoxyphenylaceto-^m-methoxyphenylethylamidc, (I). — yS-m- 
Methoxyphenyletbylamine was prepared by a slight modification of 
our previous method (loc. cit.)^ the modification consisting in methy- 
lating m-hydroxybenzaldehyde by shaking it with slight excess of 
dimethyl sulphate in alkaline solution and then heating the product 
for 1 hour on the water-bath. Thus the use of methyl alcohol was 
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obviated and a 90 per cent, yield of tn-methoxybenzaldebyde was 
obtained. 

In preparing p*methoxyphenylacetio acid the following modi- 
fication was used : 

The azlactone obtained by the condensation of anisaldehyde and 
hippuric acid was hydrolysed by means of 10 p. c. sodium hydror 
xide solution, and the alkaline solution was then saturated with sul- 
phur dioxide, the benzoic acid collected, and the filtrate acidified and 
boiled. p-Methoxyphenylpyruvic acid which gradually separated 
was collected and crystallised from glacial acetic acid. This acid 
(rn.p. 192®) was oxidised in cold alkaline solution with hydrogen 
peroxide. On acidifying the solution, p*methoxyphenylacetic acid, 
m.p. 86®, separated in beautiful plates and in an excellent yield. 

Equivalent quantities of ^-Au-methoxyphenylethylapiine and 
p-methoxyphenylacetic acid were heated at 180® for 2 hours. On 
crystallising the product from benzene through the aid of animal 
charcoal, p-methoxyphenylaceto-|8-»H-methoxyphenylethylamide (I) 
was obtained as colourless plates, in.p. 81®, in a good yield. (Found: 
C, 72 0; H, 7*2. CigH 2 i 03 N requires C, 72*2; H, 7*0 percent.). 

ethoxy 1(4.^ -mcthoxybenzyl)~3:4-dihydroisoquinollne, (II), — The 
amide (I) (10 g.) was heated with phosphorus oxychloride (25 c.c.) 
for 2 hours on the steam-bath and then kept overnight. The 
mixture was decomposed with cold w’ater and the clear solution thus 
obtained was basified with sodium hydroxide in presence of ben- 
zene in a separating funnel, the ’precipitate formed being imme- 
diately shaken up with benzene. The alkaline sol u tion was once 
more extracted with benzene and part of the combined benzene 
extract (A) was dried over potassium carbonate, and concentrated to 
a small bulk when a colourless oil was obtained. 

A crystalline hydrochloride and a crystalline picrate, m.p. 146® 
(Found: C, 56*8; H, 4'6, requires C, 56*6; H, 4*3 

per cent ) was prepared from the above base by usual methods. 

6-M ethoxy A{4:^-meihoxybenzyl)’l :2 :'6:4-teirahydroxyi&oqmnolin€t 
(III) was obtained by extracting the benzene extract (A) with 
dilute sulphuric acid, and j,reducing the acid solution with zinc 
dust. On cooling, the crystalline sulphate was deposited in the form 
of plates. The sulphate was dissolved in water and decomposed with 
ammqnia, and the tetrahydro base extracted with chloroform, dried 
over potassium carbonate and the solvent removed, leaving the base 

on oil* The hydrochloride, obtained by dissolving the oil in hot 
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dilute bydroohlorio acid, aud cooling, separ^d as a orjstallioe 
powder, m.p. 195'’. (Found: 0, 67’4; H, 7'1. GisHssOgNCl 
requires C, 67 '6; H, 6*9 per cent.). The piorate prepared in alcoholic 
solution is sparingly soluble in cold alcohol and separated from this 
solvent as a crystalline powder, m.p. 192“ (decomp.). 

S:10~Dimetkoxytetrahijdroprotoberbcrine, (V). — This base could 
not be obtained by treating the foregoing base with formaldehyde in 
the usu d manner. This base was obtained in a 20 per cent, yield 
by the following method. The base (III) was heated with equivalent 
amount of anhydrous formic acid in an oil-bath at 200 — 10® until 
effervescence had ceased (3 hours). The product was dissolved i^ 
toluene and boiled with phosphorus oxychloride for 1^ hours. After 
remaining overnight light petroleum was added and the clear liquid 
decante 1 • from the dark coloured gum, the latter extracted with 
dilute hydrochloric acid (charcoal), and the solution of dihydroproto- 
berberine reduced by beating with excess of zinc dust for 2 hours, 
during which the yellow solution became colourless. 'Phe hot liquid 
was filtered, the filtrate decomposed with ammonia, the base extract- 
ed with chloroform, dried over potassium carbonate, the chloroform 
removed, and the residue crystallised from methyl alcohol. ‘ On 
recrystallisation from meth}! alcohol with the aid of animal charcoal, 
the substance was obtained in beautiful prisms, m.p. 139®. (Found : 
C, 77*1; H, 7*3. CjgHgjOgN requires 0, 77*3; H, 7*1 per cent.). 

In a preliminary experiment, an attempt was made first to get 
8 : 10-dimethoxydihydroprotoberberine (IV) in a crystalline state and 
then to reduce it to (V). It was found, however, that 3 : 10-dime- 
thoxydihydroprotoberberine (IV), crystallised much less readily than 
3 :10-dimethoxytetrabydroprotoberberine (V). 


Chbmicau Laboratory, 
Annamalai University, 
Cbidaubaram, S.I. 


Received September 28, 1932. 



An Attempted Synthesis of Oxyprotoberbepine and a 
Synthesis of S-lMLethoxyoxyppotobepbecine. 

By Satyendra Nath Ghakravarti and A. P. Madhavan Naib. 

An unsuccessful attempt to synthesise oxyprotoberberine |Lnd 
Jetrahydroprotoberberine, the parent substance of the berberine and 
palmatine group of alkaloids, for which the name Berbin " has 
recently been suggested by Walter Awe {Arch. Pharm.^ 19B2, 270 , 
161), was first made by Haworth, Perkin and Pink (/. Ch^m. Soc.^ 
1 25, 127, 1711). These compounds were first synthesised by one of us 
(S. N.C.) in 1927 (J. Ckem. Soo., 1927, 2275). The melting point of 
betrahydroproboberberine was found to be 85°, and numerous deriva* 
tives of this compound were prepared. In the same year Kibasato 
prepared a compound having the melting point 254-60°, which he 
call^ tetrahydroprotoberberine {Acta Phytochim., 1927, 8, 175). 
In view of this discrepancy, we sought to verify our results by 
synthesising tetrahydroprotoberberine by another method analogous to 
that employed by Perkin, Ray and Robinson for synthesising 
oxy berberine (J. Chem. 8oc , 1925, 127, 740). For this purpose the 
acid chloride of phthalide-carboxylic acid was condensed with 
/8-phenylethylamine when the amide (I) (m.p. 165°) was formed. 
Unfortunately all attempts to. convert the amide (I) into oxyprotober- 
berine (II) were unsuccessful, undoubtedly due to the absence of 



activating metboxy groups. When phosphorus pentachloride was 
used to effect oyclisation in place of phosphorus oxychloride, 

8 
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crystalline substance (m.p. 15B^) was obtained in a poor yield. 
This substance was found to be quite different from oxyprotoberberine 
synthesised previously and its analysis did not agree with the 
values calculated for oxyprotoberberine. 

While these experiments were in progress, Wolfgang Leithe 
published a paper which fully confirmed the results obtained 
previously by one of us (S.N.C.). He synthesised tetrahydroproto- 
berberine anew By a slight modification of our previous method and 
found its melting point to be 85*^ (Ber., 1930, 63, 2343). In view of 
this work, and the fact that Kitasato withdrew his statement in a 
private communication to one of us, further work on this subject 
was discontinued. 

Incidentally, 3-methoxyoxyprotoberberine (IV) was synthesised, 
a synthesis which is of interest from the point of view of the deter- 
mination of ease of formation of alkaloids of berberine-palmatine 
type containing no pyrocatechol nuclei (c/. Chakravarti, Haworth and 
Perkin, J. Ghem, Soc., 1927, 2267, 2275; Chakravarti and Perkin, 
ibid., 1929, 106). 

The acid chloride of phthalide-carboxylic acid condensed readily 
in benzene solution with yS-m-methoxyphenylethylamine yielding 
phthalide-carboxy-/3-m-methoxyplienylcthylamide (HI), m.p. 105®. 
When this was, heated with phosphorus oxychloride and the product 
decomposed with ice, a basic substance separated (on basification of 
the aqueous solution), which, on reduction with zinc dust and acetic 
acid, was converted into a pale yellow substance, m.p. 143®, having 
all the properties of a compound of the oxyberberine type, and t his 
is doubtless the 3-methoxy oxyprotoberberine (IV). 



y\OMe 


N/CHs 

CHg 


(III) 


/\OMe 


CH I 

,/\A c/V 


CO CHg 
(IV) 


The point of general interest which emerges from this synthesis 
8 that the synthetical experiments described proceed as readily when 
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only one methoxy group is present in the meta position to ethylamine 
group, as they do in the case of the corresponding syntheses in the 
berberine group. The ease of formation in this case is doubtless due 
to the presence of an activatiing para-methoxy group. 


Experimental. 


Phthalide~carboxy-P-phenyla7nide, (I). — Phthalide carboxylic acid 
(10 g.) prepared by the reduction of phthalonic acid which in its turn 
tvas prepared by the oxidation of naphthalene (Compare Ullmann and 
Uzbachian, Bcr,, 1903, 36, 1805 ; Graebe and Trumpy, Ber., 
1898, 31, 373), was thoroughly mixed with the equivalent amount of 
> phosphorus pentachloride and heated on the steam-bath fol* 3 hours. 
Phosphorus oxychloride formed was then completely removed by 
distillation in vacuo, and the residue dissolved in dry benzene and 
added gradually to a dry benzene solution of ^-phenylethylamine 
(prepared from 9 g. of the hydrochloride). After remaining over- 
night, the mixture was heated on the steam-bath for ^ hour, cooled, 
and washed successively with sodium carbonate solution and dilute 
hydrochloric acid, and dried over sodium sulphate. On distilling off 
most of the benzene, the amide separated as a white powder (yield 
almost quantitative). On repeated recrystallisations from ethyl 
alcohol it melts at 155°. (Found: C, 72*8; H, 5*3. C17H15O3N 
requires G, 72*6; H, 5*3 per cent.). 

An attempted synthesis of oxyprotoberberine, (II). — An attempt 
was made to convert phthalide-carboxy-/8-phenylethylamide (I) into 
oxyprotoberberine, by treating the amide with phosphorus oxychlo- 
ride and then treating the basic substance thus formed with zinc dust 
and glacial acetic acid exactly under conditions described by PeAin, 
Ray and Robinson [loo. cit.) for converting the piperonylethylamide 
of meconine carboxylic acid into oxyberberine (c/. Chakravarti and 
Perkin, loc. cit,). The final product obtained was a brown resinous 
substance which could not be obtained in a crystalline form, and 
which cou d not be further examined owing to the very poor yield. 
Phosphorus pentoxide in boiling xylene solution was then tried as 
the cyclising agent. Again a very poor yield of the same resinous 
substance was obtained. When, however, phosphorus pentachloride 
was used as the cyclising agent, a distinctly crystalline pale yellow sub- 
stance was obtained, which was repeatedly crystallised from methyl ^ 
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aloobol in beautiful needles, m. p. ISS”, and is very readily so- 
luble in the usual organic solvents. (Found: C, 72‘2; H,4‘45; N, 4*8. 
0 i 7 Hi 30 N requires C, 82*6; H, 5‘3; N, 5‘7 per cent.). We are 
indebted for this microanaiysis to Dr. Ing. A. Schoeller of Berlin. 

The substance thus formed differs markedly in its properties from 
oxyprotoberberine synthesised by one of us (J. Ghem. 8oc., 1927, 
2280), and it could not be further investigated owing to the small 
amount of the substance at our disposal. 

Phthalide-earboxy-fi-m-methoxyphenylethylaTnide, (III). — j8-m-Me- 
thozyphenylethylamide was prepared by a slight modification 
of the method previously described by one of us (Chakravarti, 
Haworth and Perkin, loc. ait.), m-hydrozybenzaldehyde being me- 
thylated in the following manner in more than 90 per cent, yield. 
50 G. of TO-hydroxybenzaldehyde dissolved in 200 o. c. of 10 p.c. 
sodium hydroxide solution, was treated gradually with constant 
shaking .with 55 c.c. of dimethyl sulphate. When all the dimethyl 
sulphate had been added, the mixture was further shaken for a few 
minutes and then warmed on the water-bath for 1 hour. m-Me- 
thoxybenzaldehyde formed was then separated in the usual manner. 
m-Methoxyphenylethylamine was then condensed with the Ucid 
chloride of phthalide-carboxylic acid exactly under the conditions 
described above for the amide (I). Phthalide-carboxy-jS-w-methoxy- 
phenylethylamide was thus obtained in almost quantitative yield. 
It crystallises in clourless plates, m. p. 105®. (Found: C, 69* 6; H, 
6’6. OigHiyO^N requires C, 69'4; H, 5’5 per cent.). 

3-Methoxyoxyprotoberberine, (IV). — The a m ide (III) (12 g.) was 
mixed with freshly distilled phosphorus oxychloride (120 c.c.), and 
the mixture heated for 6 hours on the water-bath. A copious evolution 
of hydrogen chloride was observed, the liquid gradually undergoing 
a change in colour through yellow to dark red. The mixture was 
decomposed by means of cold water and the liquid filtered, leaving 
a dark resinous residue. The yellow filtrate was then basi- 
fied when an orange-red precipitate was obtained. This substance 
was collected, well washed with water, dried in the air, and boiled 
with sine dust (25 g.) and glacial acetic acid (185 c.c.) for 5 minutes. 
Then more of zinc dust (25 g.) added and the whqle mixture further 
boiled for ^ hour. The cooled solution was diluted with a large 
amount of ethyl acetate, filtered and washed several times with dilute 
hydrochloric add, then with aqueous sodium hydroxide and finally 
with water. The solution was dried over potassium carbonate and 
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the solvent removed by distillation. A yellow crystalline residue 
was left behind, which was repeatedly crystallised from alcohol, as 
beautiful needles, m. p. 148°, yield 2’5 g. (Found: C, 78*8 ; H, 
5*5. OigHjjOgN requires C, 78* 0; H, 6*4 per cent.). 

We wish to thank Dr. B.B. Dey of the Presidency College, 
Madras, for having kindly permitted the analyses required during 
investigation to be carried out in his laboratory. 


Obbhioai, Labosatokv, 

Aknaualai Univebsitt, 

Chidambabam, S. I. Received September 26, 1982. 




A Study of the Conductiiity of Solutions of Zinc 
oxide in Caustic Soda Solution. 

By Frederick Eowlandson Sneld. 

A study of the conductivity of solutions of alumina in caustic soda 
solution by Mata Prasad, Mehta, and Joshi (J, Indian Chem, Soc., 
1930, 7, 973) has suggested the existence in these solutions of sodium 
aluminate comjilexcs with a lower ratio of AI2O3 : Na20 than any 
of the well established sodium aluminates. In the present* work 
an attempt has been made to see whether similar evidence is forth- 
coming in the case of solutions of zinc oxide in caustic soda solutions. 

The literature dealing with the study of the constitution of solut- 
ions of zinc oxide in sodium hydroxide can be conveniently classified 
under three headings: — 

(a) Study of the phase rule equilibria (solubility etc.), 

(b) Study of hydrogen Ion concentration by e.m.f, measurement. 

(c) Study of conductivity. 

* (a) The greater part of the published work on solutions of ZnO 
in NaOH solution falls under this head. A large variety of solid 
phases have been reported, and much of the disagreement in the 
results of the different workers is no doubt due to indeterminacy of 
the solid phase. The most important references are those ol Muller 
and Fauvel (Z. Elektro Chou,, 1924, 33, 140), Fricke (Z. anorg, Chem,, 
1924, 136, 321, 344) and Goudriaan (Rea. trav, Chim., 1920, 39, 
605). Other references are Robenbauer (Z. anorg, Chem,, 1902, 30, 
331), Klein {ibid., 1912. 74, 167), Gutbier (ffud., 1924, 176, 363), 
Dietrich and Johnston (J. Amcr, Chem. Soc,, 1927, 49, 1419) 

and Forster and Gunther (Z. Ecktro Chem., 1899, 6, 301), (6) 
Britton (J. Chem. 80 c., 1925, 127, 2120) used the hydrogen electrode 
to follow the changes in pn during the titration of Zn’* solutions 
with alkali. He found no inflections in the curve corresponding 
either to NaHZn02 (here contradicting Hildebrand’s earlier work — 
J. Amer. Chem. Soc., 1916,-^8, 785) or to Na2 Zn02. 

(c) Certain conductivity measurements were made by Hantzsch 
(Z, anorg. Chem., 1902, 30, 289) in order to ascertain the existence 
of colloidal Zn(OH)2in zincate solutions. He concluded that the 
colloidal form is present to a great extent, but he is ruthlessly 
criticised by Klein {loc. cit.). Certain e.m.f. measurements dope 
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in 1927 by Diefcrioh also iadioato that praotically all the aincate in the 
solution is in the ionic form. Dietz, Dans and Tower (JT. 

Chem., 1929, 88 i 605) however succeeded in preparing oolloidail 
solutions of Zn (OH) 2 * 

This survey indicates that the only oomplezes for which there is 
any considerable amount of evidence are those in which the ratio 
ZnO : Na 20 is either 2 : 1 or 1 : 1 (n ==2 or n~l). But since in the 
case of the aluminates Mata Prasad [loc. cit,) found discontinuities 
in the ratio-conductivity curves at the values 2:8, 1:2, 2 : i5. 1:8, 
1 :4, for the ratio AI 2 O 3 :Na 20 , it seemed worth while to examine 
the ratio-conductivity curves in the case of ZnO for similar evidence, , 
although it is not possible to prepare solutions of ZnO in NaOH 
solutions having a value for 'n* of even as high as 0 ' 6 . 

In the, present work therefore an attempt has been made to gain 
information regarding the existence of complexes in strongly alkaline 
solutions by following the method used by Harman (J. Phya Chem,, 
1925, 29, 1165) for sodium silicate, and by Mata Prasad for sodium 
aluminate. Their method consisted in obtaining the conductivity 
ratio (ratio of Si 02 or AI 2 O 3 to NagO) curve. But the points 
on this curve were not obtained directly but indirectly from the 
measured conductivity-dilution curves at various ratios. This indi- 
rectness of their method has serious disadvantages in such strongly 
alkaline solutions in which impurities are very difficult to avoid. In 
the present work therefore the conductivity-ratio curves are directly 
determined. 


Experimental. 

In the present experiments the strongest solution of ZnO in 
NaOH solution obtainable was placed in the conductivity cell, and 
a solutinn of NaOH of the same normality (with respect to NaOH) 
was added from a burrette, the change of conductivity being measur- 
ed meanwhile. The solution being very concentrated and the con- 
ductiviy therefore high, a special form of cell was de igned and made. 
This is shown in Fig. 1. The electrodes are formed by platinum 
wires fused through the ends of the glass tubes FF^ (Fig. 1 ), ground 
flush with the glass and then covered with platinum black in the 
usual way. These tubes are supported rigidly by the wooden block 
B which is screwed down to a coller A, clamped round the neck of 
the flask in such a way that the position of the electrodes in the flask 
is rigidiy determined. With a cell of this design the correction 
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oi^ the cell oonstaat for the variation in the voluine of liquid in the 
flask was reduced to very small dimensions. The resistance of the 
solutions was measured in the ordinary way with a Wheatstone 
bridge cimuit, using a buzzer and telephones. The estimated accuracy 
of the measurement of conductivty is about ±1%. 

The analyses of the solutsons gave some difficulty at first. It 
was found, however, that the NaOH can be accurately titrated in 
presence of ZnO by using the indicator Brilliant Cresyl Blue. This 
method would not be applicable in dilute solutions,; The ZnO in 
solution was determined by titration with K 4 Fe( 0 N)(j solution, using 
^phenylamine as an indicator (J. Amer. Chem. 8oc., 1927, 19 , 866), 
This titration* was found extremely satisfactory. The cell flask was of 
Monax glass, but all other glass vessels used in making up the solu- 
tions were of Kavalier glass since this contains a larger proportion of 
'alkaline oxides, aud may therefore be expected to be more resistant 
to the strongly alkaline solutions used. Kavalier glass has also the 
advantage of being free from Zn and Al. 

The NaOH used was Merck's pure sticks. These were dissolveu 
in about an equal weight of water, keeping the solution cool, to 
give ^ solution of about 16N. This was then allowed to stand 

Fig. 1. 



A Aaauiar split collar with cork washer clamped rigidly by means of two screws (not 
showo) round the neck of the 150 c.c. Idonssk Flask E. 

B. Wooden block carrying electrode tubes FF' and terminals (not shown) t o which 
the lead wires GGl' are connected. There is also a third hole (not shown) through 
the block by which the nozzle of the burrete is introduced. 

CD and Brass bolts and nuts by means of which B can be screwed firmly down 

onto A. 

HBL', Platinum wires, fused through the ends of the tubes FF\ ground flush with 
the glass, and blacked with platinum* 

9 
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for several days, until all solid matter (Na 200 <, etc.) had settled. 
It was then carefully siphoned off and diluted for use as required. 
This precedure avoids the highly undesirable filtration through 
glass-wool. The ZnO used was Merck’s ‘Pure’, which analysis 
showed to be 99*5% ZnO. It was found necessary to boil the ZnO 
with the NaOH solution in order to get it to disolve. With 14 N 
alkaM, indicated by Muller’s curves as the best to use, the maximum 
ratio of ZnO ;Na20 obtainable was found to be about 0'400. This 
solution was allowed to settle and the clear liquid diluted for use as 
required. A check made with alkali only, boiling for a similar 
length of time and under similar conditions showed no appreciable 
change of conductivity due to the heating. 

In each experiment 50 C.c. of the ZnO solution were placed in 
the cell ,and the conductivity measured. Alkali of the same normal- 
ity (as calculated from the titration with I ON acid with Brilliant 
Oresyl Blue as Indicator) was then added from a burette, and the 
conductivity determined at intervals. If ‘v’ was the volume added, 
and rtf, the initial ZnO :Na20 ratio as determined by analysis, n„ wa^ 
calculated from the formula: — n„=n^ x (50/50 -ft;). Check ana- 
lyses at the end of each experiment showed that this method of calcu- 
lation (neglecting possible volume changes) was satisfactory. Parti- 
cularly in the more concentrated, aod therefore more viscous, 
solutions, time had to be allowed for equilibrium to be reached, but 
if the solution was frequently shaken, 30-40 minutes were found to 
be sufficient for this. The ZnO solutions were kept for at least a week 
after being made up before they were used. All experiments were 
carried out in an electrically regulated thermostat at 25’0° with a 
maximum temperature variation of ±0*03®. 

At the beginning and end of each experiment the electrodes were 
transferred to KCl solution to verify that no change had taken 
place in the cell-constant, due to action of the solution on the 
electrodes. The cell-constant was determined with O’lN KCl 
solution. 

Resulta, 


The results are given in Table I, and plotted in Fig. 2. is the 
ratio of mols, ZnO to mols. NagO; A is the equivalent conductivity 

10 ® K 

with respect to normality of NaOH, calculated from X = — V , 

NB 

where K is the cell-constant; H the observed resistance, and N the 
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normality with respect to NaOH. The curves are nearly linear, but 
show a slight concavity towards the ‘n’ axis. There is, however, no 
evidence of any discontinuities in any of them over the range 
covered. The four points from Experiment B, which are shown in 
Fig. 2 in brackets, are of some interest in connection with the time 
lag. In determinining all other points in Experiment B, a time of 
not less than 40 minutes was allowed to elapse after addition of the 
alkali. But in the case of the four points mentioned, the time 
intervals were only 15, 15, 7, 7, minutes respectively. 



n=« inol».ZnO/»«ol«.Na,0. 




Detonnination of Floccalation Values foom 
Measurements of the Rate of Coagulation 
of an Arsenic Sulphide Sol. 

By D. N. Ghosh. 


Numerous investigators have determined flocculation values from 
measurements of the time required for the production of a certain 
gtate of turbidity of the sol. Flocculation values thus determined 
are not strictly comparable as they refer to a transitory state during 
the process of coagulation. It is much more important to measure 
the velocity of coagulation as coagulation is really a process of the 
progressive growth of particles. Before a change in a physical 
property of a sol, c.g., of turbidity, change in viscosity etc., can be 
made the basis for the determination of flocculation valuea, it must 
be clearly shown that the rate of flocculation goes parallel with 
changes in the physical property chosen. Gann {Koll. Chem Beih., 
1916, 8, 64) attempted to study the rate of coagulation of aluminium 
hydroxide sol by measuring the rate of change of viscosity, but his 
measurements are doubtful as the assumption that the rate of change 
of'viscosity is proportional to the velocity of coagulation is not strict- 
ly valid. In the present paper an attempt has been made to deter- 
mine flocculation values from measurements of the velocity or the 
rate of increase of turbidity of arscnious sulphide sol with different 


electrolytes. 

During the measurements a Nutt 



Fio. 1. 


ing colorimeter was adapted to 
function as a tyndallmeter. A 
130 C.P. point o-lite lamp is 
placed at S (Fig. 1). By means 
of a system of lenses the light 
was rendered parallel and was 
then passed through a Zeiss 
monochromatic Alter L, which 
transmitted 80 per cent, of the 
Hg green line 5461. By means 
of two slits Sj and B 2 part of the 
parallel beam was allowed to 
pass through the rectangular cell 
G, containing the sol-electrolyte 
mixture, whereas another part 


was allowed to fall on a right angled prism and was totally reflected. 
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The intensity of the scattered beam was compared with the intensity 
of the beam directly reflected from the right angled prism by means 
of the tyndalimeter. A sample of arsenious sulphide sol was 
prepared by the usual method and different volumes of electrolytes 
were added to 1 c.c. of the sol, the total volume being made up 
to 4 c.c, in every case. The sol-electrolyte mixture was immediately 
transferred to the cell and the change in the intensity of the 
scattered beam with time was followed on the tyndalimeter. To 
eliminate the disturbing effects of the stabising ions the electrolytes 
chosen were such that the negative ion was the same throughout. 

Mecklenberg (Kolloid Z., 1915, 16 , 97), using Odfen's sulphur sol 
has shown that the intensity of the scattered beam is proportional to 
the size of the particles of diameters between the limits 5-95/x/x. 
Bechold a^nd Hebler (ibid., 1982, 81 , 70) using barium sulphate 
suspensions has shown that the above relationship is valid for 
particles of size up to 800///i. In the present experiments the obser- 
vations are mainly confined to the earlier stages of the process. 
Consequently it seems reasonable to assume that the rate of change 
of the intensity of the scattered beam is proportional to the rate of 
growth of the particles. The experimental data obtained are given 
in the following table. 


Table I. 

Electrolyte — HCl. 


Expt. 

No. 

Electrolyte 

cone* 



Bate of Coagulation. 



millimol/litre 

Time 

min. 

sec. 

Scale reading. 

0 

tan 0 

I 

31 26 

0 

18 

0 





6 

0 

0 1 

1 

02 



14 

80 

0 2 



II 

45 

2 

21 

0 5 





3 

50 

1 8 

5 

08 


5 


27 


1 6 
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TABliB I. — oontd. 
Electrolyte — HCI . 


Expt. 

Electrolyte 



Kate of coagulation. 


No. 

eonc. 







millimol. /litre 


Time 

Scale reading. 

0 

tan 0 



min. 

sec. 

1 



[II 

60 

0 

8 

0 





1 

16 

0 3 





2 

21 

1 3 

12 

21 



4 

6 

1 8 


• 



6 

6 

2 0 



IV 

66 2 

0 

18 

0 2 


A 



0 

61 

1 0 





1 

21 

1 7 





2 

9 

2 1 

31 

60 



8 

2i 

2 4 





6 

30 

2 6 



V 

69 37 

0 

18 

0 3 





0 

36 

0 6 

45 

1 0 



1 

9 

2 1 





2 

3 

2 6 



VI 

62 6 

0 

21 

0 6 


• 



0 

46 

1 8 

66 

1 48 



1 

18 

2 r> 



VII 

65 62 

0 

12 

0 5 





0 

21 

1 9 

66 

^ 24 



0 

64 

2 4 












2 

3 

2 9 




• 






vni 

71 94 

0 

18 

1 6 




• 

0 

30 

2 6 

81 

6 8 



0 

61 

2 9 





1 

21 

« 9 




XQ 
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iilMtrol'trto— BCI. 

Fia. 2. 



The scale readings shown in the table represent the intensities of 
the scattered beams. The scale readings have been plotted against 
time and a series of curves have been obtained. The curve for hydro- 
chloric acid is shown in Fig. 2 which is generally typical of the 
curves obtained with other monovalent electrolytes. Corresponding 
to hydrochloric acid concentration equal to 45 and 50 millimols per 
litre the curve assumes the characteristic shape of the curves for 
autocatalytic reactions. Similar behaviour was observed for all 


monovalent electrolytes. 


dl 
dt ’ 


the rate of change of the intensity 


of the scattered beam with time, has been obtained in the case of 
each electrolyte from the above curves by the graphical method. $, 
the angle between the tangent to the curve at any point and the 

abscisses was read directly when the value of for that point 

dl 

was known, being equal to tan &. The values of ~ — so obtained 

dt 

were plotted against concentration and the series of curves as shown 
in Figs. 3 and 4 were obtained, 
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Fig. 4. 



From a study of the curves (Fig. 3 and 4) which shows the 
variation of the rate of coagulation with change in electrolyte con- 
centration, the flocculation values of the different electrolytes can be 
obtained. The values of 0 for different electrolytes at any fixed 

value of 4^ give the flocculation values. From the experimental 
at 
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results it has been found that the flocculation values in the o^se of 
qaonovident electrolytes are in the following order : — 

H<NH4<K<Na<Li 

whereas in the case of the divalent electrolytes the order is : — 

Ba<Sr<Ca<Mg. 

The important factors during a coagulation process are the neu- 
tralisation of the charge on the p article generally by the adsorption 
of an oppositely charged ion and the later adsorption of one or both 
the ions of the coagulator by the electrically neutral aggregates 
formed by coalescence of discharged particles. It is evident that the 
difierence in the orders of flocculation values obtained by different 
authors -iiD caused to a large extent by the disturbances due to 
adsorption by flocculated aggregates. To guard against this effect 
in the present experiments observations have been limited to the 
earlier stages of coagulation. 

Oden (J. Phys. Ohem., 1921, 25, 811) studied the relative adsorb* 
ability of the ions using blood charcoal as the adsorbent, and in the 
case of the alkali metals he obtained the series : — 

0B>NH4>Eb>K>Na>Li. 

With the alkaline earth metals he obttwed the series : — 

Ba> Sr>Oa>Mg. 

Weiser (J.Phys. Chem., 1921,25, 899) using arsenions sulphide preci* 
pitate as the adsorbent has also obtained the same order for both 
mono-and di valent ions. Since coagulation values can be taken as 
the inverse of adsorption values, it is interesting to note that the 
order of flocciilation values as obtained during the 'present investiga* 
tion is the reverse of the order for the adsorption as obtained by Oden« 
The present experimental arrangement thus appears to be well suited 
for reliable measurements of flocculaticm values. 

Westgien {Arkiv. kemi., Stockholm, 1918, 7, No. 6,1) studied the 
slow coagulation of gold sol and from his measurements it was 
noncludedthat the order of the flocculation values changed with con- 
centration of the coagulator. The adsorption isotherms as found by 
Oden {loc. oit.) however, do not support the above conclusion. From 
ilMi presmt expniaients it is evident that the order of flocculation 
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values is fixed for all different concentrations of electrolytes. 
Where discrepancies have been observed, they are due largely to 
defects in the experimental methods of determining fioeculation 
values. 

In conclusion I wish to express my thanks to Dr. P. B. Ganguly 
for his kind interest in the work. 


Pbibicai, cheuibtbv Labobatoht, 
SciXHCI OoLLIOI, PATHA. 


R 0 ceiv«d September 37 , 1982 . 




A Preliminary Note on a New Method of Synthesising 
Benzopyrylram Qompoands. 

By M. N. Qoswami and Amiya Kumar Chakravarti. 


While studying some reactions of cou|iaarin» the authors had come 
across a remarkable reaction between it and resorcin in presence of 
phosphorus oxychloride. A mixture of ooumarin (8 g.), resorcin 
(6 g.) and phosphorus oxychloride (5 c, c.) was heated with an air 
* condenser on the water- bath until the red solution so formed became 
thick. On cooling and being treated with ice-cold dry ether (in which 
both coumarin and resorcin are freely soluble) an orange-red compound 
was precipitated. On washing with dry ether it was obtained 
as brilliant scales from alcohol, rn. p. 185^ (decomp.). It is 
insoluble in ether, carbon disulphide and other common organic 
solvents except alcohol. It is appreciably soluble in water. It 
dissolves in alkali to a reddish brown solution, the colour of which is 
discharged by acid. It contains chlorine and is highly hygroscopic. The 
compound was kept for about six months in a vacuum desiccator and 
on analysis it was found to contain C, 54*5; H, 5 ‘72;* whilst 
O3CI, 3H2O requires O, 51*79; H, 5*14 per cent. The behaviour 
of the compound is similar to that of benzopyrylium salt and it was 
thought that the compound had the following structure (I) and it had 
been formed in the following way : 

H Cl Cl 



HCl 

> 

from POCI3 


o 




(OouiuariD) 


OH 


0 “ ( — H30) 



^ The extreme hygroscopic nature of the compound causes great 
difficulty in its analysis and this is responsible for the high value of hydrogen. This 
difficulty has been experienced with pyrylium compounds by many other work^s, 
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If iilliB repreBentation is correct then the compound is 
dihydroxy-2-phenylbenzopyrylium chloride. On reference to the 
literature it was found that this compound had not yet been 
synthesised. 

An attempt was then made to synthesise the compound after the 
method of Robinton and Robertson (J. Chem. Soo., 1926, 1051) from 
salicylaldehyde and resacetophenone. It was found that although 
the intermediate styryl compound was easily obtained, the final stage 
to close up the ring always led to the formation of tarry matter. 
The attempt in' this direction having proved abortive, the dimetbmcy 
derivative of the original compound was prepared by taking dime-^ 
thoxyresorcin, coumarin and phosphorus oxychloride. It gave a 
ferrichloride as orange-red needle shaped crystals, m. p. 175* (A). 
(Found: Cl, 30‘68; Fe, 11‘86. Cj^Hj^Os, FeCl 4 requires Cl, 80*64; 
Fe, 12*04 per cent.). 

This dimethoxy derivative was, however, successfully prepared by 
the ordinary synthetic method, via salicylaldehyde and dimetboxy- 
resacetopbenone. It was obtained (B) as orange-red needle shaped 
crystals, m. p. 176°. (Found: Cl, 30*62; Fe, 12*06. CjyHisOs, 
FeCl 4 requires Cl, 80*64; Fe, 12*04 per cent.). Mixed melting point of 
(A) and (B) was also found to be 176°. The compound (A) is therefore 
identical with compound (B) both of which have the following 
structure as proved by synthesis. 

FeCU 

O OMe _ 

3— ^ OMe 

This compound, too, has not been synthesised as yet. 

Almost all other phenols and phenolic ethers have been found 
to condense similarly with coumarin and substituted coumarins 
in presence of phosphorus oxychloride to give benzopyrylium 
compounds and they will be published in a future communication. 
The method gives a new and an easy way to prepare various types of 
benzopyrylium salts and undoubtedly opens a vast field of possibi- 
lities which the authors desire to explore. 

DBrABTHBiiT or Applied Chbhistt, Bteeivtd Stfttmbfr 10, 199S. 

UhIVXMITT CoLLEOB OF SciEMCa 
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The Fluoremetric Formiila. 

By K. S. Gurokaja Doas, 

Desha {J.'Amer. Chetn. 8oc., 1920, 42 , 1363) has described a 
new method of analysis of the same order of sensitiveness as 
colorimetry and nephelometry. He has called it fluoremetry,^ the 
•property of fluorescence being taken advantage of in the process. 
This technique will certainly prove highly useful for the determination 
of minute quantities of a considerable number of substances which are 
either fluorescent by themselves or can be rendered so by means of 
suitable reagents. 

In his experiments, ultra-violet rays from a mercury arc filtered 
from most of the visil)le radiation are used to excite fluorescence 
in solutions of such substances contained in the comparison 
cylinders of the Kol)er-nophelometer. The intensity of fluorescent 
light thus produced, as observed in the eyepiece of the instru- 
ment, is equalised in the usual manner by altering the heights 
of the columns included in the field of view of the optical 
plunger. 

He finds that for sufficiently dilute solutions the curve obtained 
by plotting the scale readings against concentration is quite regular. 
He also says that such a curve corresponds more closely to the 
curve drawn according to the Kober’s nephelometric formula than 
that of inverse proportionality (colorimetric curve). He also 
suggests that a further elimination of the errors in the measure- 
ment or a further modification of the formula may reduce the lack of 
agreement. 

The Kober’s nephelometric formula referred to in the 
above paper is empirical as is evident from Kober's own 
words (J. Biol. Chem., 1913, 18,498); “The readings of the 
nephelometer plotted against the ratios of solutions for 
a given standard* solution and a given height of the standard, 
seem to follow a uniform curve which can be expressed in 

the equation where j/ is the height of the un- 
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known solution, S, the height of the standard solution, and 
the ratio of solutions. An attempt is made by Wells {J. Amer, 
Chem. Soc,, 1922, U, 2^) to give a theoretical basis for the Kober*s 
formula; but his theoretical first approximation formula proves to be 
simpler than Kober's, and the latter is in better agreement with 
experiment; as Wells himself points out, this reflects on the unknown 
factors introduced in nephelometry. In the possibly simpler case of 
fluoremetry it may be advantageous to derive a theoretical formula 
and compare it with Kober's, an attempt at which is made in this 
paper. 

Studies on the intensity of fluorescence show that traces of an 
active substance present in a medium are capable of producing' 
intense fluorescence and if the concentration is increased beyond a 
few per cent., the brightness is greatly reduced. The existence of 
the optinfam concentration has been explained by Brunninghaus 
{Oompt, Rend., 1909, 149, 1375) as a result of absorption of light; the 
increase in concentration though brings about an increase in 
fluorescence there will be an increase in absorption and the 
fluorescent intensity is therefore given by an equation of the form 
I = where x is the concentration of the fluorescent substance. 

Though this was in accordance with the measurements made on the 
oathodo-luminiscence of manganese in calcium phosphate it is unable 
to explain recent experimental work (Merritt, J. Opt, Soc. Amer,^ 
1926, 12, 613), Perrin (Compf. rend,, 1924, 178, 1405) has tried 
to explain the same phenomenon on the basis of protective action. 
Perrin's idea has been successfully made use of by Merritt 
{loc, cit,) to explain quantitatively the variation of fluorescent 
power with concentration. Becently, Jette and West (Proc. Roy. 
Soc., 1928, A, 121 299) have suggested an explanation by extend- 
ing the conception of the collisions of the second kind to the 
case of solutions. They ascribe the diminishing fluorescent power 
of a substance with increasing concentration to the collisions of the 
second kind between the photo-excited and the ordinary fluorescent 
molecules. It is also to be noted that a “ Perrin protection " 
becomes more or less identical with a collision of the second kind if 
the former is assumed to take place only at molecular distances. If 
the life of the excited molecule is long enough, the Intensity may also 
depend on the viscosity of the solution which affects the rate of 
diffusion and hence the probability of the molecule being within the 
range of action of another fluorescent molecule!^ in the duration o| 
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the excited state. The duration of the excited state is found to be 
very brief in the case of aqueous solutions (Perrin: Compt. rend,, 
1926, 182, 219). 

Let us now apply the above ideas for the derivation of the 
formula for fluoremetry. Let us assume that if two duoresoent 
molecules are at a distance apart that is less than a distance 
p, their luminiscence is completely destroyed or greatly reduced. 
In the case of aqueous solutions where the duration of the critical 
state is small, if we direct our attention on some molecule, the 
probability that another molecule will not lie within a sphere of 

Radius p is 1 — . The probability that all of the other molecules 


satisfy the condition is » where n is the number of mole- 

cules in V c.c. 

cN 

It we put K=l, and , where c is the concentration in 

M 

grammes per c.c., M the molecular weigrht, N the Avogadro number, 
then the probability expression reduces itself to , where 7 = 


-log C ( 1 - 

Now as c is the total concentration, the effective concentration of 
the fluorescent molecules is c c 

Let us consider a layer of solution of thickness dy. Let the 
distance through which the normally incident light must travel 
through the solution before it can reach the axis of the plunger be 
/X . Let the incident intensity be Iq. Then the intensity of the 
light exciting the molecule under the field of view of the plunger is Iq 

^ — (a + tciA^ where a and 6 are the absorption coefficients for the 
solvent and the solute respectively for the incident radiation. (We 
assume here the truth of Lambert and Beer's law for fluorescent 
substances: c/. Kempf, Phy^cal. Z,, 1911, 12, 761 ; Nichols and 
Merritt, Phys, Iiev.% 1910, 81, 600). 

Then the fluorescent intensity due to the layer will be 




A/o e 
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where X is a oonetant. Applying correction for the absorption of 
fluorescent light by sucessive layers we get, the fluorescent intensity 
due to the layer 

dI=\Io 

where p and q are the absorption coefficients for the solvent and 
solute respectively for the fluorescent radiation. By integration we 
get the expression for the total intensity which is kept constant in 
any single set of fluoremetric measurements. So, one may write 

—7c — (<x + 6c)A-? 
c e ' c _ _ 

-ip + qc) 

This is the accurate formula for fluoremctry. 

But this formula is too complicated for actual use in practice. 
So let us carry out a few approximations. If we assume that the 
correction for absorption is small (which is satisfied by dilute solu- 
tions) we can use the well-known approximation formula 

** e* — and express the above relation in the form 


{p + qc)h 




= constant. 


_{p + qc)h 
, e 2 ^ 


where jS and K\ are constants. This formula can bo directly 
employed as p and q can be directly measured and the other two 
constants can be calculated from two measurements of c and h. To 
sim^plify the expression further, we can carry out the following 
approximation : 


X) h 

We can neglect ~ , as the amount of light absorbed by water is 


small and assume that is constant in the correction factor as 

40 


ch is fairly constant owing to the smallness of the absorptive and 
protective effects. Then we get 


Che ^''=Kss 

Let us now study the relationship of' this formula to the usual 
empirical formulse used in nephelometry. 



FLtJOREMETRIC FORMULA 


605 


As the absorption and protection effects are of a small order we 

k 

can put c = - in the correction factor. Thus we get 


Or we can write 


— afc/fe 

ck e = constant. 


or 


— akjh —akjh 

C 1 ^ j C ^ 2 ^ 


to a first approximation. If /ig is the standard height -we can put 
ak 


— = — 8 and hence, 
^2 


(- k :)} 


This formula is identical with Wells' empirical formulae for nephelo- 
metry, which has been tested and found to be in agreement 
with Kober’s data (Wells; loc, cii,). This is more convenient for 
use especially for the slide rule. Also it is to be pointed out that 
it is so closely approximated a form of the original formula that 
we get values ne\ er differing by more than 0*1% when calculated 
on the basis of either formul®. 

Now let us proceed in another direction. Again, 

— — 002 
c-^hic = c^h^c 

to a first approximation. This is of the same form as the Kober's 
formula : 
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and the two oaa be equated if Cj ia constant, i.e., if it is the con- 
centration of the standard solution. But Kober takes Cg as the' 
standard and so far the theoretical formula differs from jKober’s. 


Fig. 1. 



Fig. 2. 



I od cosine soln. 


Let US now consider the available experimenta-l data. Apart from 
the indirect support offered by the Kober *b nephelometric data, 
the theoretical formula in the Wells form seems to be in fair agree- 
ment with Desha’s fluoremetric data on iodeosine solutions, the 
maximum difference between theory and experiment being about 
1% (see Table II and Fig, 2). But the data on quinine sulphate 
solutions show a large deviation, the maximum amounting to about 
4% (See Table I and Fig, 1) . 

Lastly let us examine the shape of the ch — c '' curve as 
obtained from Desha's experimental data. As c is a continuous 
function of h, we must expect the “ ch — c ** curve to be continuous. 
The mean smooth experimental curve is found to be convex towards 
the Y-axis. This is an extremely interesting observation if we 
could absolutely depend on Desha's results. For, whereas the 
accurate theoretical formula must give a curve concave to the 
Y-axis even at fairly high concentrations, we find just the reverse 
to be the case in practice. This discrepancy between the theoretic 
cal and the experimental values seems to be of profound significance 
from the point of view of the theory of fiuorescence in general 
and the theories of inhibition of fluorescence in particular. I 
would not like to attempt at any quantitative derivation to account 
for the difference, as I feel that some more experimental work is 
necessary to consider this as but a sure and general tendency. 
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Table I. 

Quinine sulphate solutions. 


<5. 

h (exp.). 

h (theor.). 

ck (exp.). 

ch (tbeor ). 

2-0 

10*28 

10-28 

20*66 

20*66 

1-7 

11*98 

11*80 

20*37 

20*06 

r4 

14-63 

14-00 

20-34 

19*60 

1*2 

16-70 

16*08 

20*11 

19*30 

1*0 

19-60 

19*00 

19*60 

19*00 

0*8 

24 10 

2340 

19*28 

18*72 

0*6 

31*16 

30*73 

18-69 

18*44 

• 

0*6 

36*00 

30*60 

18-30 

18*30 



Table II. 





lodeosine solutions. 


c. 

h (exp.). 

h (tbeor.). 

ch (exp,). 

ch (tbeor.). 

4*0 

16*00 

16*00 

64-00 

64*00 

3-6 

17*83 

17*66 

64*19 

68*64 

3*2 

19*90 

19*72 

63*68 

63*10 

2*6 

24-26 

24-02 

63*06 

62 46 

2-0 

30*90 

30*90 

6180 

61-80 


In conclusion I thank Professor J. N. Mukherjee* D.Sc. for his 
valuable suggestions and criticism. 
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Effect of Sugars on the Inhibition of the Precipita- 
tion of Ceric Hydroxide from a Solution of 
Ceric Ammonium Nitrate. 

By M. V. Nabar and Mata Prasad. 

Ohar (jffoZ/oid Z., 1923, 33 , 193), Mehrotra and Sen {J, Indian 
€hcm, Soc., 1927, 4, 117), and Sen (J. Indian Chcm. Soc., 1927 , 4, 
131), have studied the peptisation of various metallic hydroxides in 
fche presence of sugars. They have determined the amount of sugar 
which is necessary to prevent the precipitation of the h3^roxides by 
alkali. Patel and Desai (J. Indian Chem, Soc., 1930, 7 , 161), have 
studied the effect of non-electrolytes on the precipitation of thorium 
hydroxide from a solution of thorium nitrate by alkali. They find that 
sugars and glycerol alone are effective in preventing or inhibiting the 
precipitation. Nabar, Patel and Desai (Kolloid Z., 1931, 67 , 173), find 
that the inlhbition of the precipitation of thorium hydroxide increases 
with an increase in the hydroxyl groups in sugars. 

The present investigation deals with the study of the effect of non- 
electrolytes on the inhibition of the precipitation of ceric hydroxide 
from a solution of ceric ammonium nitrate from the viewpoint put 
forward by Nabar, Patel and Desai {loc, cit.). The peptisation of ceric 
hydroxide from ceric chloride by sugars has already been studied by 
Mehrotra and Sen {loc. cit,). • 

Experimental. 

An approximately M/40 solution of ceric ammonium nitrate 
(B. D. H.) was prepared and its concentration was accurately 
determined. A solution of Merck's extra pure caustic soda was 
prepared, standardised and stocked in a Jena-glass flask. The 
non-electrolytes used were^ (1) ethylene glycol, (2) glycerol, 
(3) mannitol, (4) glucose, (5) lactose, (G; maltose, (7) sucrose, and 
(8) fructose. * 

A known volume of ceric ammonium nitrate was taken in a num- 
ber*of test tubes and the total volume was made up to 80 c.c. by ad- 
ding different amounts of non- electrolytes and distilled water. 5 C.c, 

2 
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of sodium hydroxide solution was taken in another set of test tubes ; 
the amount of NaOH in 5 o.c. was more than that required for the 
cqjpiplete precipitation of cerium nitrate contained in the former set of 
test tubes. The contents of the two sets of tubes were then thorough* 
ly mixed, the same mode of mixing being followed throughout the 
investigation. The amount of the non-electrolyte in the tube, in which 
the appearance of the precipitate is just prevented, is the minimum 
amount required to inhibit the precipitation of ceric hydroxide. Two 
series of such observations were taken and the mean of the two is 
given in all the following tables. 

Effect of volume , — The effect of the change in the total volume 
of the mixture on the amount of sugars required to inhibit the 
precipitation of ceric hydroxide by a fixed amount of NaOH is given 
in Table I. 

Table I. 

NaOH in the mixture = 1*25 m. mols. Ceric ammonium nitrate 
= 0*05 m. mols. 

Non-electrolytes required in m. mols. 

Total volume. 



Fructose. 

Sucrose. 

Maltose. 

Lactose. 

Glucose. 

10 c. c. 

0-98 

0*064 

0'225 

0*625 

2*16 

20 

0*064 

0*058 

0-160 

0*406 

1*6 

30 

0*048 

0*054 

0*119 

0*36 

1*25 

40 

0*048 

0*054 

0*119 

0*35 

1*25 

60 

0*048 

0*054 

0*119 

0*35 

1*25 

60 

0048 

0*054 

0*119 

0*36 

1*26 


It appears that with an increase in the total volume of the mix- 
ture, the amount of sugar required to inhibit the precipitation at first 
decreases and then reaches a constant value. 

The clear liquid obtained in these mixtures was cataphoretically 
examined and was found to be a sol containing negatively charged 
particles. The formation of these particles is due to the adsorption 
of OH' ions by ceric hydroxide in the presence of sugars which are 
also probably adsorbed to some extent by the colloidal particles. The 
decrease in the amount of sugars with an increase in the total volums 
ifl due to the stabilisation of the sol on dilution* 
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Effect of the amount of ceric ammonium nitrate .—The effeci of 
the amount of the salt on the non-electrolytes required to inhibit the 
precipitation by a fixed amount of caustic soda (1'25 m. moi8.) ia 
given in Table II. The total volume of the mixture was 30 o.c. 

Table II (A). 


Ceric ammoDium Non-electrolytes required in m. moU.. 

nitrate (in m. moU.). 



Fructose. 

Sucrose. 

Maltose. 

Lactose. 

Glucose. 

0*025 

0-024 

0*022 

0056 

0150 

0*6g0 

00375 

0-031 

0*038 

0*088 

0*250 

0*800 

0-05 

0-(;48 

0*054 

0*119 

0*360 

1*260 

0*0625 

0-070 

0*078 

0*163 

0*475 

1*900 

0*076 

0-090 

0*118 

0*238 

0*663 

2*700 

0*0875 

0-130 

0*150 

0*338 

— 

4100 



Table II 

(B). 



Ceric amiaoniutn nitrate 
(in m. mols.). 0*0062 

0-0125 

0*0156 

0*0187 0*025 

0*0375 

Mannitol (in m. mols.) 

0*325 


0*525 

1*125 

Glycerol ,, 

... 0*60 

1*45 

... 

2*2 3*1 

... 

Ethylene glycol ,, 

... 

2 

3*3 

4*8 6*8 

... 


The tables show that the amount of non-electrolytes required ^is 
greater as the amount of salt in the mixture is increased. These 
results are similar to those obtained by Mehrotra and Sen (Zoo. cit.) 
in the peptisation of the ceric hydroxide. This increase in the amount 
of sugars is due to an increase in the number of colloidal particles 
of ceric hydroxide formed in a fixed volume of the mixture. 

The inhibiting power of the non-electrolytes increases as, ethylene 
glycol < glyceroK mannitol<^gluco8e< lactose < maltose < fructose 
< sucrose. This shows that the number of OH groups in the non-elec* 
trolyte influences it% inhibiting power ; cane sugar, maltose and lactose 
which contain eigtit OH groups are better inhibitors than glucose and 
fructose, glycerol and glycol which contain five, three and two OH 
groups respectively^. The behaviour of fructose is anomalous as its 



6l2 


M- V- NABAR AND M. tRASAD 


inhibiting power is more than that of sucrose which contains more 
OH groups than fructose. The ketone group in fructose may be 
responsible for this anomaly. 

Effect of the amount of alkali . — The following table shows the 
effect of the addition of increasing amounts of alkali on the amount 
of the non-electrolyte required to inhibit the precipitation. 

Table III. 

Ceric ammonium nitrate=0’026 m. mols. Total vol. = 30 c.c. 

NaOH Amount of non-electrolytes required in in. inola. 

(in m. mole.). 



Fructose. 

Sucrose. 

Maltose. 

Lactose. 

Glucose. 

Gljoerol. 

0 * 25 . 

0*130 

0*160 

0*219 

0*909 

7*75 

20 - to 

0*376 

0*060 

0*078 

0*113 

0*382 

1*90 

11-00 

0*60 

0*034 

0 * 0 ( i 0 

0*082 

0*244 

0*85 

6-00 

075 

0*024 

0*030 

0*056 

0*176 

0*60 

1-75 

1*00 

0*024 

0*022 

0*066 

0*160 

0*60 

1-75 

1*26 

0*024 

0*022 

0 066 

0*160 

0*50 

1*76 


With an increase in the amount of alkali, the amount of non-elec- 
trolyte required to inhibit the precipitation at first decreases and then 
reaches a constant value. 

Separate experiments showed that the non-electrolytes alone could 
not inhibit the precipitation of the hydroxide if the amount of the 
alkali added was not greater than that required for complete precipi- 
tation. The part played (by the excess of the hydroxyl ions) in the 
inhibition is indicated by the decrease in the amount of the non- 
electrolyte required to inhibit the precipitation and is due to the 
stabilising influence of these ions. But certain minimum amount 
of the non-electrolyte is also essential for causing the inhibition in 
precipitation ; sodium hydroxide alone can not inhibit the formation 
of the precipitate. The decrease in the amount of the non-electro- 
lytes required in the presence of increasing amount of NaOH may 
possibly be due to the supression in the adsorption of the non-electro- 
lyte by OH ions. Experiments on the adsorption of these non-elec- 
trolytes under conditions described above are necessary before any 
definite conclusion regarding the inhibition of the precipitation can 
be drawn. 
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Summary. 

The effect of (1) change in total volume, (2) amount of salt and 
(S) amount of alkali on the inhibition of the precipitation of ceric 
hydroxide from ceric ammonium nitrate solution by non-electrolytcs 
has been studied. 

The amountyof the non-electrolyte required for inhibiting the pre- 
cipitation decreases with an increase in (1) the total volume, and (2) 
the amount of alkali in the mixture up to a certain limit and then 
reaches a constant value but it increases with an increase in the 
amount of cerium ions in the solution. • 

The inhibiting power of the non-electrolytes decreases as 
sucrose > fructose > maltose > lactose > glucose > mannitol 
> glycerol > glycol. 

The effect of the excess of alkali and the non-electrolytes on 
the inhibition of the precipitation is discussed. 
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A Comparative Study of Jute and Cotton Cellutoses. 

By J, K. Chowdhury and N. N. Basu. 

The complex problem of the identity of celluloses from different 
sources has received attention from several investigators. Cross and 
Bevan and other investigators (Kruger, Papier Fabr., 1926, 28 , 767) 
believed that each variety of cellulose is different from the*other 
*and speak of celluloses and not of cellulose as a chemical unit. If 
this view be correct, each kind of cellulose would have a different 
chemical constitution and it would obviously be impossiblp to assign 
a definite chemical formula to cellulose. 

Another school of investigators represented mainly by Heuser 
and his co-workers (Heuser and Haug, Z. angeto. Chem., 1918, 31, 
99; Heuser and Boedeker, 1921, 34, 461; Heuser and Aiyer, 

ibid., 1924, 37, 27) maintain that cellulose is a definite chemical 
entity. According to this view it would not only be possible to 
employ a general constitutional formula for all kinds of celluFose 
but it would also be possible to use cheaper varieties as raw material 
for the manufacture of different cellulose derivatives and for other 
cellulose industries. The question of the identity of celluloses is 
therefore important both from the theoretical and the industrial point 
of view. 

The object of this investigation is to examine these two point%of 
view, taking jute and cotton celluloses as a basis for comparison. 
For this purpose it is first necessary to prepare a standard cellulose 
from cotton and to purify jute cellulose in such a manner that it may 
approximate the standard cotton cellulose in its properties. The 
properties of the two standard celluloses can then be compared under 
identical conditions, special attention being given to the following : 

(1) Acetylation of the celluloses. 

(2) Yield of glucose, (a) 'Tie inethylglucoside (Irvine and Hirst), 

(b) as crystalline glucose (Monier Williams). 

(8) Yield of cellobiose octa-acetate. 

(4)^ Methylatipn of cellulose. 

(6) Characterisation of the cellulose by means of viscose 
reaction. 
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(6) Surface tension of viscose solutions, 

(7) (a) Viscosity of the celluloses in cupra-ammonium solution, 
(6) viscosity of cellulose acetates in chloroform, 

{c) viscosity of the nitrocellulose in ether-alcohol solution. 

Preparation of Standard Cellulose, 

(a) From Cotton . — The methods of Schwalbe {Chemie der 
Cellulose^ 1911, p. 002 and Farb, 7Ag., 1913, 436) Robinoff and the 
American Chemical Society — Cellulose Division {Ind, Eng. Chem., 
1923, IS, 748) recommend the use of a bleaching agent for the pre- 
paration of standard cellulose from cotton, but as it is difficult to 
prevent the action of bleaching agent on the cellulose itself the use 
of such chemicals has been avoided in this work and the method of 
Correy and Grey (Ind. Eng. Chcni., 1924, 16, 852) has in general, 
been followed. 

The alcohol -benzol extracted cotton was treated with a large 
volume of caustic soda solution (1%) with careful exclusion of air. 
The ash content was diminished by treatment with acetic acid. 
When the same procedure was applied to jute cellulose delignified 
by the chlorine peroxide method, it was found that the impurities 
could not be efiSciently removed and the cellulose matter had to be 
subjected to the action of 17 5% cold alkali. In order to make the 
conditions comparative for cotton cellulose, the cellulose as prepared 
above from cotton was also subjected to the action of 17'5% alkali 
under the same conditions as for jute cellulose. 

(b) From Jute . — Delignification of jute was eSected by the 
chlorine peroxide method a.s previous experience in this laboratory 
(Chowdhury and Majumder, J. Indian Chem. Soc., 1929, 6, 139) has 
shown that jute cellulose is little affected by this treatment. The 
delignified jute was then subjected to the action of 5% boiling alkali 
or 17*i5^ cold alkali. It was however found that neither method 
removed the hemicelluloses completely and that a part of the furfural- 
yielding complex remained in the residual cellulose, the minimum 
furfural value thus obtained being 2*6%. By a combination of the 
two processes, i.c. by alternate treament for half an hour with cold con- 
centrated alkali and boiling dilute alkali, the furfu’^al value is reduced 
to 1*8%. Further reduction of the furfural value can be effected by 
continued previous extraction of the delignified fibre with boiling water, 
followed by alternate treatment with 17*5% cold alkali and 6% boiling 
alkali. By this treatment the furfural value is reduced to 0'26% 
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which compares very favourably with that of standard cotton cellulose 
as prepared by the above method. During the treatment with alkali, 
exposure to air was carefully avoided in order to prevent any con- 
sequent oxidation. The standard celluloses as obtained above were 
tested by means of its furfural value and their solubility in 17 '6% 
cold alkali. The data in the following table represents the results 
obtained. 


Table I. 

Cotton cellulose. 


Treatment. 

flaw cotton extracted with alcohol -benzol 
Do treated once with 17*5% alkali 
Do 5 times 

Do and boiled twice with alkah 


Solubility in 17'5% 


Furfural. 

cold alkali. 

1*8% 

U*0% 

0*702 

9*6 

0*31 

2*5 

0*29 

1*9 


Table II. 

Jute cellulose : Treatments showing progressive reduction in 
furfural value and solubility in alkali. 


Treatment. 

Furfural. 

Solubility io 
17-6% alkali. 

• 

Delignitied jute 

9*6% 

32*77% 

Do treated once with 5% boiling alkali 

3*4 

22*68 

Do treated 5 times 

2*5 

18*0 

Do treated once with 17*6% cold alkali 

2-6 

18*45^ ^ 

Do treated 5 times 

1‘8 

14*06 

Delignified jute after 3 extractions with boiling 

wmter only 

6*39 

28*71 

Do and then given one treatment with 

17*5% cold alkali 

1*02 

10*08 

Do • and then given 4 sucoessive similar 

treatments 

0*81 

1*85 

Do further boiled twice with 6% alkali 

0*26 

1*82 


3 
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Table III. 


Analysis of the two purified celluloses. 



Jute. 

Cotton,; 

liigDin 

nil 

nil 

Furfural 

0*25% 

0*29% 

Fats and resin 

... nil 

nil 

Ash ... ... 

0*19% 

0*1628% 

Moisture 

... 10-01% 

8*8372% 

Uronio acid 

nil 

nil 

Solubility in 17’6% alkali 

1-82% 

1*9% 


Acetylation. 

It is well known that during acetylation the reagents and the 
temperature employed considerably aiSect the cellulose. We have^ 
therefore endeavoured to use a method of acetylation which would 
have the least possible action on cellulose itself. Only very few 
methods are available for such acetylation. As the methods 
represented in B.P. 297766 (1928) or that of Hess {Ber., 

1928, 61 , 461) require high temperature or a prolonged 

period for complete acetylation, the authors adopted the method 
of Barnett as modified by Irvine and Hirst {J. Chern. Soc., 
1922, 121 , 1685). It was however found that this method if carried 
out at high temperature, as recommended by these authors, causes 
disintegration and partial decomposition of the product obtained from 
jute cellulose. If however the proportion of the reagents be slightly 
increased, it is possible to carry out the reaction at a much lower 
temperature when no such disadvantages are experienced and no 
reducing matter is found in the filtrate after precipitation of the 
acetate in water. 

10 G of air-dried, finely shreded jute cellulose were placed in a 
stoppered bottle and incorporated with 65 c.c. of glacial acetic acid 
through which a stream of dry chlorine was passed for 40-50 seconds. 
After standing for J hour, acetic anhydride (70 c.c.) was added and 
sulphur dioxide gas bubbled through the mixture for 1} minutes 
and the bottle stirred mechanically. After 3 to 4 hours, the 
cellulose gelatinised and began to dissolve slowly. Finally to 
hasten the reaction, the temperature was raised to 40°. The 
solution, when quite clear, was treated with chloroform, and 
water in the manner recommended by Irvine and Hirst (foe., oit.). 
The whole procedure required some 85-40 hours. If however the 
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cellulose is previously dipped for about 1 hour in glacial acetic 
acid, pressed and dried in the air, the tftne of the reaction can be 
reduced to 20-24 hours. As this latter treatment might to some 
extent afEect the feellulose, we have preferred not to use it during 
acetylation. 

The acetyl content of the product was determined as follows : 
A weighed quantity of the acetate was boiled for 2 hours with a 
known excess of standard caustic soda solution, the excess of alkali 
being titrated with standard sulphuric acid. Owing to possible 
chemical action or the adsorption of caustic soda in the regenerated 
cellulose, each result was corrected by means of a control experiment 
* in which pure cellulose was treated with caustic soda solution under 
the same conditions. 

Some typical results are quoted : 

(I) 0'4914 G. of jute acetate required 11 0082 c.c. of iNf/2- caustic 
soda while 0*5804 c.c. was used for control experiment. The 
percentage of acetyl therefore was 45*6. 

(II) 0*8188 G. of jute acetate required 17*629 c.c. of N/2- caustic 
soda and the control experiment took 0*6214 c.c. The percentage of 
acetyl was 44*42. 

(I) 0*4283 G. of cotton acetate took 9*9338 c.c. of A^/2- alkali 
while 1*0684 c.c. were used for control experiment. The percentage 
was therefore 44*5. 

(II) 0*4150 G. of cotton acetate took 9*6396 c.c. of NJ2- alkali 
while the blank experiment required 1*0684 c.c. The percentage was 
therefore 44*4. 

The detailed results obtained are given in the following table. 

Table IV. 

Jute CottoD 


Cellulose (g > 

5 

5 

5 

5 

Water and ash-free cellulose (g.) 

4*49 

4*49 

4-675 

4-675 

Acetate yield (g- ) 

7*8921 

7*9011 

8 0823 

8-1031 

Percentage of the yield 

176*8 

176-0 

176-6 

177*2 

Theoretical vulne 

1W7 

177*7 

177-7 

177-7 

Acetyl value 

44*42 

45-6 

44-4 

44*5 

Theoretical acetyl valie 

44*8 

44'8 

44-8 

44*8 


Yield of Glucose. 

As calculated from the yield of methylglucoBide . — For the 
preparation of methylglucoside we have generally followed the 
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directions of Irvine and Hirst (?oc. cit.) with slight modifications, 
having used a temperature of 185-40® instead of 126° and also 
a higher acid content (1*2%) in methyl alcohol in place of 
0’76% recommended by them. With these modifications the time 
is reduced to 48 hours and the yield of glueosides is practically 
quantitative. 

One part of acetate (nearly 4 g.) was treated in a sealed tube 
for 48 hours at 135-40° with methyl alcohol (15 parts) containing 
1*2% hydrochloric acid. At the end of this period only a slight trace 
of solid remained undissolved in case of both jute and cotton cellulo- 
ses and the liquid had assumed a faint golden yellow colour. The 
contents of the tube were then filtered, carefully neutralised 
with silver carbonate and decolourised with animal charcoal. Pre- 
cautions were taken to recover any matter adhering to the filter 
paper and to the charcoal residues. Finally it was concentrated 
under reduced pressure (10 mm.) and left overnight in a calcium 
chloride desiccator, when it set to a solid mass. The last trace of 
solvent was driven away by means of hot dry air. 

Finally it was dried in vacuum over calcium chloride to constant 
weight. We have here eliminated the distillation of the solvent 
under reduced pressure recommended by the above authors and thus 
avoided a tiresome process and the mechanical loss involved in it. The 
crystals melted between 125-48® and gave 15*92% methoxyl in 
case of glucoside from jute and 15*925^ in case of glucoside from 
cotton. No mineral matter was present and no furfural was liberated 
on treatment with 12^ hydrochloric acid (boiling). Details of two 
typical experiments are recorded for each particular cellulose. 

Table V. 


J ate Cotton 


Wt. of acetate (dry and ash> 

free) {g.) 

Acid methyl alcohol used 

8-8 

3-779 

3*805 

3*892 

a’2% HCl.) (c.c.) 

60 

60 ‘ 

60 

60 

Time (135-40°) i(hr.) 

48 

48 

48 

48 

Wt. of solid remaining in 

the sealed tubes (g.) 

nil 

0-082 

nil 

0*05 

28 

Permanent sp. rotation 

106^ 

106° 

107" 

106* 

Yield of dry crystals 

2*66 

2*49 

2-549 

2'5334 

Yield (% ) 

«)9'492 

93-468 

98*925 

97*87 

Methoxyl {% ) 

16-92 



15*925 

Equiv. glucose (% ) 

99*98 

99-952 

99-413 

97*868 
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It will be observed from the above data that the yield from both 
cases is quantitative and is thus an improvement on 05*5% obtained 
by Irvine and Hirst. In calculating the yield, the weight of insoluble 
matter left in the tube after the reaction was deducted from the 
weight bf cellulose taken. The melting point of the mixed glucosides 
varied from 125 — 148® according to the proportion of /3-glucoside 
present. The purity of the metl^ylglucoside was established by hydro- 
lysis of the glucosides with 4% hydrochloric acid and noting the 
specific rotation of the glucose formed. 

2*2014 G. of methylglucoside from jute cellulose were boiled 
under reflux with 25 c.c. of 4% hydrochloric acid solution for J* hour 
and the contents of the flask were then carefully made up to 100 c.c. 
The specific rotation obtained was [a]D^ = 52‘25® (a=l’096, f = l dm., 
c = 2'0982), the corresponding figure for pure glucose being 52*6°. 

A similar procedure was adopted in case of methylglucoside from 
cotton and the specific rotation was found to be 52'2®, 

showing thereby that both the glucosides are made up entirely of 
glucose residues. 

That the mcthylglucosides from both jute and cotton consist only 
ofrgluGOse was further established indirectly in the following manner: 

On recrystallisation of the mixed glucosides from absolute alcohol 
characteristic crystals of m.p. 165'’ and = 157*6® (in aqueous 

solution) were obtained {a = l'84, ? = 1 dm., c = l*17), the corres- 
ponding figure for a-methylglucosides being 165-1G6® and 157*5® 
respectively. The mother liquor after separation of the crystals of 
a-rnethylglucoaidos evidently contained a larger proportion of /J-form. 
On heating this mother liquor again with I “2% acid mqthyl 
alcohol for 48 hours in sealed tubes, the equilibrium between 
a- and /J- forms was re-established and the specific rotation was found 
to be [a]o^ = 106®. Evidently no other sugars except glucose are 

present in the mixed glucosides. As the theoretical yield of methyl- 
glucosides has been obtained both from the jute and cotton celluloses, 

it follows that both the celluloses are made up entirely of glucose, 
and no other hexose or pentose constitute an essential part in the 
molecules of the celluloses. ^ 

Hydrolysis wjth sulphuric acid . — Attempts were then made to 
ascertain the maximum yield of glucose obtained by the hydro- 
lysig of the two celluloses under identical conditions. For this pur- 
pose the well known method of Monier Williams was followed in pre- 
ference to the method of Keisel and Semiganoski {Trans. Chetn. 
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Pharm, Inst. Moscoiv, 1927, 18, 82) who claim 100% yield of 
glucose from cotton cellulose, as they did not isolate the sugar in 
crystalline form. 

i5 G. of the cellulose were dissolved in 30 c.c. of 72 % sulphuric 
e^cid and the dark coloured viscous solution was allowed to remain 1 
week at room temperature. The sulphuric acid solution was diluted 
to 3 litres with water and boiled continuously under reflux for 16 
hours. A small amount of dark coloured flocculent precipitate was 
found in the liquid. This was filtered off, dried and deducted from 
the weight of the cellulose used. After boiling, the almost colour- 
less li-quid was neutralised with barium hydroxide, filtered clear from 
the sulphate and evaporated to dryness by distilling at a low tempera- 
ture under reduced pressure (10 mm.). A slight alkalinity deve- 
loped during evaporation which was always made neutral by means 
of N/lO-sulphuric acid. The residue from the distillation was 
extracted with pure methyl alcohol, filtered and decolorised with 
animal charcoal. The solution was then concentrated under reduced 
pressure but it was very difficult to crystallise the syrup even after 
passing hot dry air through the mass. Crystallisation however took 
place on the addition of a very small amount of pure glucose. Frqpa 
this crude product glucose was purified by recrystallisation from 
absolute alcohol and was tested by means of its melting point and 
that of its osazone. For the sake of comparison, the data are repre- 
sented below ; 


Table VI. 

Jute Cotton 


Wt. of cellulose (g.) 

5 

5 

6 

6 

Wt. of ash-free dry 

4*49 

4*49 

4*675 

4*676 

cellulose (g.) 

Wt. of glucose obtained 

4-7055 

4*6336 

4*8952 

4*8312 

(g.) 

Yield (%) 

104*8 

103-2 

107*0 

105-6 

Theoretical value (%) 

nil 

111*1 

111*1 

111-1 

M.p. of glucose 

145- 

146* 

144“ 

146* 

M.p. of the osazone 

204* 

205* 

206“ 

205 -5 • 


Yield of Cellobiosc Ocia-acetate, < 

The yield of cellobiose octa- acetate from both jute and cotton ^was 
next ascertained, as this question has an important significance in 
regard to the constitution of cellulose. 
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The highest yield of cellobiose octa-acetate found from cellulose 
material is 50% obtained by Hess and Frieze {Annalen, 1927, 456 , 
38), but as this process is tedious and as other investigators have not 
been able to obtain the same high yield by following their directions, 
we preferred to follow the method of Spenser {CeUuloscchem,, 1929, 
10, 61) who obtained a maximum yield of 46*5%. The best yield 
was obtained at 50® with 0*2 c.c. of sulphuric acid {d 1*84) after a 
period of 15 days, the maximum yield of cellobiose octa-acetate from 
jute being 41*14% while that from cotton was 43*8%. 

8 C.c. of acetic anhydride were taken in a stoppered conical flask 
and cooled to 0® and 0*6 c.c., 0*4 c.c., 0*2 c.c. of sulphuric acid 
(d 1*84) was cautiously added in three different cases without causing 
any appreciable rise of temperature. 2 G. of jute and cotton celluloses 
were separately added to the reagent mixture, which was then cooled 
for 30 minutes and kept at room temperature until the maximum 
yield was obtained. The product was recrystallised from alcohol 
and showed the characteristic reactions of cellobiose octa-acetate. 
Under the microscope, a drop of the hot solution gave characteristic 
rosettes of needles. Both the samples melted at 226® and 227® and 
gaye the specific rotation [a] =41*5® and 41 ‘6® respectively in 
chloroform solution. 


Table VII. 

Yield of cellobiose ocia-acctaie. 


Cellulose used. 

Temp. 

Sulphuric acid 
(d 1 84). 

Days. 

Maximum yield. 

. 

Jute 

39*0-40" 

0*2 c.c. 

20 

16-4% 

Cotton 

»> 

»» 

20 

22-3 

Jute 

»» 

0-4 

25 

35 1 

Cotton 



25 

36 1 

Jute 

* » 

0*6 

15 

29-8 

Cotton 

»» 


15 

28-3 

Jute 

00" 

0*2 

15 

4114 

Cotton 


tf 


43-8 


Although the mechanism of acetolysis of celluloses is not clearly 
understood and the period of reaction is comparatively long, the 
agreement in the maximum yield of cellobiose octa-acetate is quite 
satisfactory and points to the identity of two celluloses from the 
chemical point of view. 



624 J. K. CHOWDHURT AND N* N^-BASD 

Methylation of Cellulose^ 

Attention was then directed to the maximum methoxyl content 
in the methylcellulose from jute. In the preliminary experiments^ 
the tedious method of Denham and Woodhouse {J. Chem, Soc.^ 
1921, 119 , 77) with the modification of Irvine and Hirst (/. Chem, 
Soc., 1923, 128 , 528) for the methylation of cellulose was followed, 
but the maximum yield of methoxyl obtained in case of jute after 
thirteen repeated alkylations was only 32*5% and this value could 
not be appreciably increased even after seventeen methylations. 
As this value is considerably lower than the theoretical maximum 
(45‘5 %), we followed Urban's method ( Oellulosechem,, 1026, 7, 
73) for the methylation of lignin from spruce wood. The method 
applied to jute cellulose gave very satisfactory results and a methoxyl 
content of 44*3% was obtained after 10 operations, a value which 
could not' be substantially increased after repeating the process 15 
times (theoretical, 45*5 %). It may be noted here that the maxi- 
mum methoxyl value obtained by Irvine and Hirst (?oc. cit.) in the 
case of cotton cellulose was 43*1 to 44*6%. 

5 G. of finely shreded jute cellulose were dipped in 150 c, c. of 
45 % caustic potash solution in a stoppered bottle and shaken vigo;:- 
ously in a shaking machine for 6 hours. It was then cooled with 
ice and salt and dimethyl sulphate (5 c. c. at a time) was added 
at intervals of J hour. The procedure was continued with occasional 
shaking until the mixture was acidic. It was then washed well 
first with distilled water and then with alcohol and ether and dried 
in vacuum over sulphuric acid. 

This method has the advantage over that of Irvine and Hirst 
Qoc, cit,) that in this case no ethereal solution of dimethyl sulphate 
is required. The process is conducted at a lower temperature with 
less dimethyl sulphate and with less fear of disintegration of the 
product. The use of alcoholic alkali accompanied by a sudden rise 
of temperature is avoided. 

Differentiation of the two Celluloses by means of the 
Viscose Reaction. 

Dieser (Cellulosechem., 1929, 10, 21) has been able to character- 
ise different celluloses by means of the above reaction. He has shown 
that the cellulose- A, which is soluble in alkali, requires a minimum 
concentration of only 7*6 % caustic soda to form alkali cellulose 
and undergo subsequent reaction with carbon disulphide to form 
viscosei while cotton cellulose requires a minimum concentration 
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of Id % caustic soda for the above purpose, intermediate concentra- 
tions being necessary for other types of celluloses. 

In the following experiments the concentration of alkali was 
varied from 10% to 17*6% in order to ascertain the minimum 
strength necessary for mercerisation of each of the two celluloses 
which would then react with carbon disulphide to form viscose. 

It was found that a difierent strength of alkali was necessary in 
each case and that for the same strength of alkali, the residue 
obtained after the formation of viscose was always greater in the 
case of cotton than that in the case of jute« This may be attributed 
to the greater resisting power of cotton, due mainly to phj^ical 
difference in composition and arrangements of the micels. The 
solubility, viscosity, the time required for coagulation of viscose 
solutions prepared from the two celluloses were, however, widely 
different. * 

For the preparation of viscose we have used the following two 
methods : 

(A) 1 G. of the cellulose was dipped in 20 c. c. of alkali for 3 
days, the excess of the alkali pressed out, carbon disulphide added 
and the mixture agitated in a shaking machine for a few hours. 
The reaction product was then dissolved in i5 % alkali, 10 o. c. 
being added every i hour. The solution was made upto 100 c.c. 
and filtered in a tared gooch crucible through fine muslin. 

(B) 1 Q. of cellulose was dipped first in carbon disulphide for 

1 hour, the excess poured off and 20 c.c. of alkali of desired strength 
were added and shaken for 1 hour. It was then made upto 
100 c.c. with 5% solution of caustic soda in the usual manner. 
The results obtained are given in the following table. * 

Table VIII. 


Properties of viscose prepared by the methods (A) and (B). 


Fibre. 

Alk»li ooac. 

Residue (g.). 

Viscosity sec. 

Coagnlation 




(Ostwald). 

days. 




A B 

A 

B 

Jute 

16%NttOH 

nil nil 

aO'48" 28'26" 

5 

7 

Cotton 

• 

• • 

0T812 0*052 

86'r' 68' a" 

2 

8 

Jute 

12% „ " 

0*208 nil 

3'ia" 4'89" 

27 hr. 

39hr. 

OotHbn 


0-602 0*442 

6'24" 19'88" 

24 hr. 

24hr. 

Jute 

10% 

0*639 0*212 

48" 68" 

36 „ 

24 „ 

Cotton 

f* 

0*87 0*86 

76" 98" 

84 „ 

24 „ 


4 
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Surface Tension of the Viscoses prepared from Jute and 
Cotton Celluloses, 


As it was suspected that the variation in physical properties 
6,g.t viscosity, solubility, coagulation, etc,, o! the above viscose 
solutions might be due to the character and size of the micellae 
composing the two celluloses, it was thought advisable to test the 
surface tension of the two solutions. It is known that the surface 
tension diminishes with the thickness of films formed at the surface 
of a solution at different intervals. As the formation of such films 
is due to. collection of micellae, it was thought likely that the surface 
tension would diminish as the micellae accumulate at the surface. 
The method used for determination of the surface tension is that 
developed by Ghosh and Dutt (J. Indian Chem, Soc-, 1929, 6, 103) 
in this laboratory who observed similar changes in surface tension 
of solutions of different dyestuffs and attributed to the formation 
of micellae. ' 

The experimental details are the same as those of the above 
authors. The viscose used for this purpose was prepared from the 
two celluloses by the method (B) previously described using 17’fi% 
alkali, the solution obtained from Ig. of cellulose being made 
upto 500 c.c. with distilled water. The variation of the surface 
tension with time was then noted, surface tension being calculated 
a& follows : — 


Surface tension of the solution = - 

Wi 

where cr is the surface tension of water at the temperature of the 
experiment, W 2 is the weight required to raise the basin from the 
surface of the solution, and W i is the weight . required to raise the 
basin from the surface of water. 

As coagulation took place after some time (which may be 
attributed to increase in the^ size and number of micellae), we 
could not observe' the minimum surface tension. Our object was 
however attained by the character of the curve obtained in the 
two cases. The results obtained are noted in Table IX and are 
further brought out in the plotted curve on the next page. 
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Table IX. 


Surface tension of viscose solutions made from jute. 


Temp. -29*2® 

. o-=71*18. 

Wi*=2 108. 


Time (mio.) ... 0 

20 42 

61 86 

110 

Wi ... 1*48 

1-8 1-2 

1-18 1-179 

1T78 

Surface tension 

of viscose ... 49*98 

42-89 40-62 

39-85 39-81 

39*71 

Table X. 

Surface tension of viscose solutions 

made from cotton. 

Temp. =29*2®. 

o- = 71*18. 

Wi=2-108, 


Time (min.) 

0 

14 40 

70 

w. 

1-208 

1126 1-117 

1*111 

Surface tension of viscose 

40*62 

38-48 37-70 

37*62 


Particular attention may be drawn to the higher surface tension 
of jute viscose. This phenomenon may be attributed to the smaller 
size of micellae or to a smaller molecular weight of the molecules 
eomposing jute fibre owing to the smaller degree of polymerisation 
of glucose units. The two curves are, however, similar in character 
which indicates similar changes taking place in the viscose solutions 
on standing and suggests a similarity in chemical constitution. 

lb may be noted that viscose made from cotton cellulose 
coagulates in a shorter time than jute viscose in which the particles 
or micellae in colloidal solution are evidently smaller in size. 

Viscosity Tests. 

Cupra-ammonium solution. — (a) The cupra-ammonium solution 
was made according to the directions of Hibbert and Parson (/. Boo, 
Ohem. Ind., 1925, 44, 483t). Cupric hydroxide was first prepared by 
cautiously adding slight excess of ammonium hydroxide to a concen> 
trated filtered solution of boiling copper sulphate solution. The 
precipitate was allowed to settle, washed by decantation with hot 
water, cooled below 10^ by the addition of a few lumps of ice, and 
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then siiffici6Et 9% causMc soda was slowly iatroduced with 
stinixig until the deep blue colour of copper hydroxide was formed. 
The precipitate was then filtered, washed free from alkali with cold 
water and then with alcohol and water. It was dried in the air for 
several days and passed through a 40 --mesh sieve. 

4 G. of an air-dried sample of cellulose were introduced into a 
stoppered bottle along with 4 g. of copper hydroxide as prepared 
above, 225 c.c. of a 28% ammonium hydroxide solution were then 
added, the bottle stoppered and the mixture shaken mechanically. 
Viscosity was measured by means of the Ostwald apparatus. It was 
found that the viscosity of the solution obtained from jute was lower 
• {S' 28" at 29°) than that from cotton (10' 24" at the same tempera- 
ture). 

(b) The same result was obtained by observing the viscosity of 
cellulose acetate in chloroform. A (V4% cellulose acetate solution 
in chloroform was found to have a viscosity of 3' 35" at 2 0*5° in the 
case of jute and 28' 62" at the same temperature in the case of 
cotton. 

(o) 1% Solution of nitrocellulose in ether-alcohol (55 : 46) gave 
a yiscosity (at 20°) of 4" in the case of cotton and 0*5" in the 
case of jute, when determined by the falling sphere viscometer of 
Gibson and Jacobs. 

Solubility testa , — While preparing the cupra-ammonium solution 
as described above, it was found that cotton cellulose required 
IJ hours for complete solution while jute cellulose dissolved in ^ 
hour. In the case of cellulose acetate it was found that the product 
obtained from cotton was not easily soluble in chloroform, a 6*4% 
solution being obtained with some difficulty while the acetate 
obtained from jute cellulose under identical conditions was easily 
soluble. The same remarks are applicable to nitrocelluloses 
prepared from jute and cotton, the former being easily soluble in 
alcohol-ether and in acetone while nitrocellulose prepared under 
dentical conditions from cotton was soluble with difficulty. 

It may be noted here that the lower viscosity and higher solubility 
of difierent derivatives obtained from jute cellulose are interesting 
also from certain industrial points of view, as several industries, 
particularly the lacquer industry, prefer cellulose derivatives of low 
viscosity and high solubility in order that coating compositions may 
be prepared with maximum content of cellulose acetate or cellulose 
nitrate. 
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Summary and Conclusions, 

It will bo evident from the experiments described above that 
chemical tests indicate the identity of jute and cotton celluloses. 
Thus, practically the same yield of cellulose acetate is obtained in 
both cases, the yield of glucose as determined by the yield of methyl- 
glucoside is practically quantitative and the yield of crystalline 
glucose is almost identical in both instances. The same observation 
is true of the yield of cellulose octa-acetatc and the percentage of 
methoxyl in methylated cellulose. It may, however, be observed 
that#there is a slight difference in the behaviour of the two celluloses 
when tested by means of alkali of different concentrations with the 
subsequent formation of viscose. The difference is, however, more 
prominent in the case of physical tests c, g., surface tension, 
viscosity, "solubility and the time of coagulation of viscose solutions. 
These differences are not without significance on the constitution of 
cellulose. 

Cellulose is usually represented by the formula , ‘n* 

being unknown. The usual assumption that ‘ n * is a very great 
number is contradicted by recent works of Pringsheim {AnnaJen, 

1926, M8, 163), Karrer (Cellulosechem,, 1921, 2, 127), Hess and 
co-workers {Annalen, 1920, 448, 104), Irvine and co-workers {J.Chern. 
Soc.^ 1923, 123, 518) as well as by the rontgenographic investigations 
of Herzog and others, which point to the probability of ‘ n * being a 
very small figure lying between 1 and 4. On the other hand the 
investigations of Staudingcr and his co-workers {Z. Phys. Chcm., 

1927, 126, 425) as well as of Meyer and Mark {Bei\ 1929, 62, 1103) 
make it highly probable that cellulose is formed by the polymerisa- 
tion of the glucose unit and that the degree of polymerisation is 
probably very high and may differ in different cases. 

According to these latter investigators some 30-36 glucose 
molecules are linked with one another by means of the main valency 
along the axis of the fibre in the form of a. chain while some 40-60 
chains are linked side by side by means of the secondary valency of 
hydroxyl groups to form a micell, several of these micellae forming 
the cell of the fibre. 

The results obtained in the foregoing experiments give support to 
the latter view. It appears highly probable that the degree of 
polymerisation (or at least the size of the micellae) is different in 
different cases. The degree of polymerisation in the case of jute 
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cellulose is evidently lower than in the case of cotton. This would 
explain the higher surface tension, lower viscosity and greater 
solubility in the case of jute cellulose derivatives. 

Though it is evident from the above investigations that purified 
cellulose from jute and that from cotton give identical results from 
the chemical point of view, it would be premature to soy at this 
stage that they are identical in all respects. Both jute and cotton 
celluloses consist of poly-anhydroglucose residues, each glucose unit 
being probably linked to another in exactly the same manner. But 
the number of glucose residues constituting a poIy-anhydroglucose 
unit appears to be different in the two cases. 


Chemical Lahoratohy, 
Dacca Univkusitv. 


Received Novchiher 5 , 1932 . 




On Thioaldehydes and Thioketones. Part I* 

By Susil Kumar Mitba. 

The simple replacement of the oxygen atom in an aldehyde, 
benzaldehyde by sulphur has always resulted in the production of 
a polymerised body (c/. Baumann and Fromm, Annalerty 1848, 66, 
168 et seq ; Klinger and others, Ber., 1877, 10, 1877 et aeq). 
Barbaglia and Marquardt's attempt (Ber,, 1891, 29, 1881) resulted 
in a similar failure, benzaldehyde when heated with sulphur gave 
stilbene and trithiobenzaldehyde. 

Benzylidene chloride when condensed with sodium sulphide in 
the present investigation, furnished a reddish oil which decomposed 
when distilled in vacuo to stilbene. 

Ethyl thioacetoacetate and benzaldehyde when condensed in 
presence of piperidine furnished an oil which solidified (m.p. 82-88®) 
afte# 24 hours. The analysis corresponded to a thiobenzaldehyde, 
probably polymerised. From the mother liquor diethyl benzal- 
diacetoacetate can be isolated. Hence it seems that ethyl thio- 
acetoaoetate parted with the sulphur atom abstracting the oxygen 
atom from benzaldehyde. The liberated ethyl ace toace bate reacted 
with benzaldehyde in the normal Knoevenagel way. This is in 
conformity with the behaviour of this substance, as the sulphur 
atom is loosely bound. Benzaldehyde does not react with ett^l 
thioacetoacetate without the condensing agent even on boiling. 

The substance (m.p. 82-83®) condenses with phenylhydrazine, 
methylphenylhydrazino and hydrazine hydrate bo give the 
corresponding benzylidene derivatives which point to the substance 
not being athioether. Klinger (loc. cif.) and Buheman (»7. 

Soc., 1906, 87, 26) isolated a substance having the same m.p. 
(88-84®), which was regarded as a mixture of various indefinitely 
polymerised products (Ber., 1891, 24 » 1431). The ready reaction 
of the compound with phenylhydrazine suggests that the 
molecules are loosely bound in the polymerised product by residual 
aiSlnity. The substance (m.p. 82-83®) is converted to |8-tjqthio- 
benzaldehyde of Baumann and Fromm by acid chloride even 
at 0®. 


5 



634 


S. K. MITRA 


The Bubstanoe when boiled in chloroform solution with piperidine 
produced stilbene and hydrogen sulphide. 

g HS SH 

4 Phc/ = 2Ph C : G Ph = Ph CH:CH-Ph + 2Ph-CS SH. 

(I) <II) 

The substance (TI) could not be isolated and probably is respon- 
sible for the liberation of hydrogen sulphide. 

Anisaldehyde under identical conditions furnished thioanisal- 
dehyde (m.p. 73-76°), identical with that obtained by passing 
sulphuretted hydrogen over anisaldehyde. By performing similal 
experiment (benzaldehyde and ethyl thioacetoacetate) in alcoholic 
solution saturated with hydrochloric acid, Fromm's )8-trithiobcnzal- 
dehyde was isolated quantitatively, o- and 7n-Nitrobenzaldehydes 
with alcoholic hydrochloric acid gave corresponding thioaldehydes in 
the amorphous state. Thioacetophenone was isolated as a dark violet 
oil (b. p, 110° /20 mm.) by passing hydrochloric acid gas through 
alcoholic solution of ethyl thioacetoacetate and acetophenone. Benzo- 
phenone on similar treatment yielded thiobenzophenone as a blue oil 
(b. p. 155°/ 10 mm.). Thiobenzaldehyde and thioanisaldehyde were 
found to have molecular weights corresponding to (C 6 H 5 CHS )7 and 
(CH 30 ‘Cp,H 4 ’CHS)i I respectively, but thiobenzophenone was found 
to be monomolecular. This suggests that these thioaldehydes were 
produced in the unimolecular state and were polymerised subse- 
quently. It was observed that these aldehydes gave readily 
hydrazones when treated with excess of hydrazines alone or in 
pyridine solution containing a trace of piperidine. Evidently these 
bases possess the property of transforming the polymerised molecule 
to the unpolymerised state. 


Experimental. 

Thiobenzaldehyde {Method I). — Thioacetoacetic ester (10 g.) in 
alcohol (50 c. c.) was mixed with benzaldehyde (20 g.). The solution 
was diluted with water to turbidity. Piperidine (0’5 c.c.) was then 
added and the mixture was allowed to stand overnight. The super- 
natant liquid was then decanted ofi and the white precipitate which 
remained at the bottom was washed several times with dilute alcohol 
and dissolved in chloroform and finally precipitated by means of petro- 
leum ether, m.p. 88-84° {of. Baumann and Fromm, Bet., 1891, 24, 
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1431), yield 70 p.c. It is soluble in chloroform, carbon disulphide and 
piperidine. It dissolves on boiling with alcoholic sodium ethoxide to a 
deep red solution. A boiling aqueous alcoholic solution of potassium 
cyanide does not affect it (8 hours). On shaking with metallic mercury 
or freshly prepared mercuric oxide it gave mercuric sulphide. (Found : 
C, 68‘1; H, 5'2; S, 26‘5; M. W. (ebulliscopic in chloroform), 814’6. 
{C 7 H 6 S )7 requires C, 68*8; H, 4*9; S, 26*2 percent; M. W., 854). 

Ethyl benzaldiacetoacetate . — The decanted supernatant liquid from 
above was treated with water to just turbidity and on keeping over- 
night, crystals of ethyl benzaldiacetoacetate began to appear. 
Becrystallised from alcohol and petroleum ether, it melts at 138**. 
, (Found; C, 6*5*2; H, 7*1. requires C, 65*5; H,* 6*9 

per cent.). 

Bcnzaldehyde-phenylhtjdrazone . — Thiobenzaldehyde (6 g., 1 mol.) 
and pbenylhydrazine (1 mol.) were heated in a boiling water-bath for 
6 hours. When the evolution of hydrogen sulphide ceased, the 
product was washed with dilute hydrochloric acid and crystallised 
from alcohol, m. p. 158®, yield 80 p. c. (Found: N, 14*57. 
requires N, 14*3 per cent.). 

Benzaldehyde-aBjm-phenylmethylhydrazone . — Thiobenzaldehyde 
(5 *g.) was treated with requisite quantity of phenylmethylhydrazine 
(asym.). The product was reorystallised from alcohol, m.p. 102®, 
yield almost theoretical. (Found: N, 13*51. C 14 H 14 N 3 requires 

N, 13*33 per cent.). It also gave dibcnzalazine with hydrazine 
hydrate, m. p. 93®. 

Thiobenzaldehyde {Method II). — Benzaldehyde (50 g.) in alcohol 
( 10 '.( c.c.) was treated with piperidine (1 c.o.) and hydrogen sulphide 
was passed into the mixture. After a short time, the mixture grew 
hot and the reaction was moderated by cooling in ice. The reaction 
was completed in 1 hour when most of the thiobenzaldehyde separated 
as a pasty mass. The product was then kept in a steam oven for 6 hours 
and finally crystallised from chloroform and alcohol, m. p. 83-84®, 
yield 90 p.c. Thioanisaldehyde was prepared in a similar manner, 
m.p. 73-75®. 

Action of thiobenzaldehyde on acyl chlorides in presence of 
piperidine . — A mixture of thiobenzaldehyde (3 g.), piperidine (0*5. c.c.) 
and chloroform (80 0 . c.) was allowed to stand for 6 hours and then 
treated with benzoyl chloride (1 mol.) and kept at 4® for 4 hours. It 
gaV^ white crystals, m. p. 226°, identified as /3-trithiobenzaldehyde, 
yield quantitative. Acetyl chloride behaves similarly. 
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Formation of Bfilbene from thiobenzaldehyde . — Tfaiobenzaldehyde 
(10 g.) dissolved in minimum quantity of cMoroform and treated 
with piperidine (0*6 o. o.) and boiled on the steam bath till the 
evolution of hydrogen sulphide ceased. The chl(»oform was removed 
and the resulting product was extracted with ether; after removal 
of ether, the oil gave stilbene, m. p. 127”, on vacuum distillation. 

Preparation of P-trithiohenzaldehyde . — Ethyl thioacetoaoetate 
(13 g.) and benzaldehyde (10 g.) in alcohol (40 c.c.) were treated with 
dry hydrochloric acid gas till saturation. The whole mass was kept 
overnight. Needle-shaped crystals of jS-trithiobenzaldehyde collected 
at the bottom. The product was recrystallised from acetic acid, 
m. p. 226”, yield 6 g. The m. p. remained unchanged on mixing < 
with ;8-trithiobenzaldehyde prepared by passing sulphuretted hydrogen 
through benzaldehyde in alcoholic hydrogen chloride. It did not give 
any eulphUretted hydrogen when boiled with phenylhydrazine in 
acetic acid, in pyridine and in pyridine with a trace of piperidine.' 

o-Nitrothiobenzaldehyde . — o-Nitrobenzaldehyde (10 g.) in alcohol 
(60 c. c.) containing ethyl thioacetoaoetate (11 g.) was treated at 0” 
with dry hydrogen chloride till saturation. After 8 hours a white 
precipitate separated. It was filtered oS, washed free from acid w^th 
rectified spirit and. then with alcohol and ether. It was purified by 
dissolving in pyridine and precipitating by means of ether, m. p. 
168 — 72”, yield 9 g. (Found: N, 8‘2 ; S, 19'2. C7H5O2NS requires 
N, 8'38 ; S, 19 '16 per cent.). 

o-Nitrothiobenzaldehyde is insoluble in almost all organic solvents 
excepting pyridine. On standing it transformd into plastic state 
and finally resinified. In pyridine solution in presence of few drops 
of piperidine it gave with phenylhydrazine the phenylhydrozone, 
m. p. 166” with evolution of sulphuretted hydrogen. (Found : N, 
17'8. CjjHiiOgNs requires N, 17'4 percent.). 

m-Nitrothiobenzaldehyde was prepared from m-nitrobenzaldehyde 
(6 g.) under similar conditions as the preceding compound. Its 
method of purification and properties are also similar to the ortho 
analogue. It shrinks at 110” and melts at 165 —90”. (Found: N, 8*4 ; 
■Si 18*9. 07HsOgNS requires N, 8'88 ; 8, 19'16 per cent.), 

Thioaniaaldehyde . — An alcoholic solution (40 0.) of anisaids-> 

4iyde (10 g.) and ethyl thioacetoaoetate (20 g.) was saturated at 0” 
with Hd for 20 minutes and kept for 4 hours. After addition of 
water (4 0.0.) the pasty mass was washed with aleohcd and extracted 
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with ether and ether removed. It was further purified by precipitating 
from hot alcohol, m. p. 78-- 76®, yield 4 g. 

It can also be prepared with better yield (8 g.) . by following the 
first method of preparation of thiobenzaldehyde. It is fairly soluble 
in ether, chloroform, pyridine and benzene, but sparingly soluble in 
cold alcohol. It gives phenylhydrazone, m. p. 120®. (Found: 
C, 65-3; H,6'4; S, 20 8; M. W. (ebulliscopic in CHCI3), 1690. 
(CgHgOS)!] requires C, 63‘15; H, i5‘26; S, 21 ‘05 per cent; M. W., 
1672). 

Thioacetophenone . — A mixture of acetophenone (50 g.) and ethyl 
tbioacetoacetate (70 g.) in alcohol (100 c.c.) was saturated at 0° with 
HCl, allowed to stand for 10 hours and then treated with crushSd ice. 
Tho oily product was extracted with ether, washed with sodium 
carbonate solution and dehydrated over calcium chloride. The oil on 
removing the ether was distilled in vacuum. The distillate between 
100-125® on repeated fractionation gave a dark violet oil, b. p. 110/20 
mm., yield 5 g. It is a deep violet unstable liquid possessing garlic 
odour. On keeping the colour disappears. Unlike the tbioaldehydes 
it reacts with phenylhydrazine in cold with the formation of a phenyl, 
hydrazone, m. p. 102®. (Found: O, 70 2; H, 6 06; S, 23-3. OgHgS 
ri^quires O, 70‘68; H, 5*88; S, 23*6 per cent.). 

Thiobenzophcnone was prepared from benzophenone (10 g.) and 
ethyl tbioacetoacetate (15 g.) and purified in the same way as the pre- 
ceding compound. The resulting oil was distilled in vacuum and the 
fraction collected between 100-170® at 10 mm. on repeated fractiona- 
tion gave a dark blue oil, b. p. 175/10 mm., yield 3 g. (Found : 
O, 78*6; H, 6 1; S, 16*2 ; M. W., 213. C,3H,oS requires C, 78*7; 
H, 6’05; S, 16*16 per cent; M. W., 198). , 

In conclusion the author wishes to convey his grateful thanks to 
Sir P. C. B&y for his kind interest and encouragement during this 
investigation. 

Paut Fbofbssob's Labobatory, 

DMivBRsm CoLtiBOB OF SCIENCE, Received October 10, 19S1. 

Calcdtta. 




Studies in Acenaphthenone. Part IIL 
On the ReactiYity of its ‘GH3’ Group. 

Bx Andkul Chandra Sircar and M.D. Baja Qopalan. 

Becently some patents have been taken for the production of vat 
dyes by the condensation of acenaphthenone with 2 : 3-diketo- 
dihydrothionaphthene (D.R.P. 226244) and its derivatives (D.R.P. 
218992) and with derivatives of isatin or naphthisatin (D.R.P. 
237819; E.P. 27773/09). Kalle and Co. (E.P. 233452) have claimed 
the production of certain vat dyes by alkali fusion of acenaphthenone 
derivatives of general formula, 

N 0:0 

C; 

where R is a substituted or unsubstituted aryl group. 

With the exception of these recent attempts to prepare vat dyes, 
very little or rather no systematic work has been done upon acenaph- 
thenone derivatives. In the two previous communications in this 
series (J. Indian Chem, 8oc., 1932, 9, 103, 297) pyrilium, indole and 
acridine derivatives from acenaphthenone have been described. In 
the preparation of all the above three types of compounds botli the 
CO and the CH 2 groups of acenaphthenone were utilised. The 
present paper deals with the reactivity of acenaphthenone through its 
CHg group alone. 

Action of NUtoso Compounds on Acenaphthenone, 

Aromatic nitroso compounds very readily react with reactive 
methylene groups {of, Ehrlich and Sachs, Ber,, 1899, 32 , 2341; 
Sachs, Ber., 19^)0. 38 , 959; Sachs and Bry, Ber., 1901 34 , 118, 
etc.). Recently Pendse and Dutt (/. Indian Chem. Soc., 1930, 8, 
953) have shown that aromatic nitroso and zaonitroso compounds in 
presence of glacial acetic acid or acetic anhydride condense 
with tbiohydantoin forming products many of which are fairly 
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deep coloured and well adopted for dying on wool and silk. It was 
therefore expected that similar dyes could also be prepared by the 
condensation of aoenaphthenone with various aromatic nitroso 
compounds. 



In attempting to effect the condensation in presence of acetic 
anhydride, there was obtained every time only a dark resinous pro- 
duct from w.hich nothing definite could be isolated. Glacial acteic 
acid and fused sodium acetate, 10% alcoholic potash, 
diethylamine, and piperidine were next tried as condensing agents 
and the following nitroso compounds were used : nitrosophenol, 
nitrosodimethylaniline and nitrosothymol. When the condensa- 
tions were attempted at temperatures ranging between 60-80° 
using acetic acid and sodium acetate one and the same product, 
bisacenaphthylidenediketone (M), was obtained with every nitroso 
compound. 


O O 



[M] 


This compound had already been obtained by Graebe and Gfeller 
{Annalen, 1898, 276, 17) and afterwards been synthesised by the con- 
densation of acehaphthenone with acenaphthenequinone (D.B.P. 
212858). It has also been prepared in the course of the present 
investigation by condensing acenapbthenone with aoenaphthene* 
quinone and its identity established by mixed melting point deter- 
mination and study of other properties. The fcn^^aation of such a 
compound {vie., bisaoeni^hthylidenediketone) can be explained .only 
if a pswt of acenapbthenone is oxidised by the nitroso compoonda to 
aeenaphthenequhuMie which in tom condenses with the unchanged 
ee^aphthenope. 
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[A] 



A + B 


[M] 


The oxidising actions of aromatic nitroso compounds have been 
already observed by many previous workers, c.g., Alessandri {Atii, 
Ft. Aocad. Lincei^ 1015, v, 241, 62) found that asarone was 
oxidised to asarylaldehyde and apiol to apiolaldebyde by the 
action of nitrosobenzene. Again Cazeneuve {Conipt. rend.,# 1889, 
109 185) showed that nitrosocamphor could oxidise glycerol 

to glyceric aldehyde, mannitol to mannitose and even alcohol to 
aldehyde. 

When the reaction of the nitroso compounds with acenaphthe- 
none was attempted at ordinary temperature using acetic acid and 
sodium acetate, no change was observed even after keeping it for 
d-4 days. When on the other hand the condensation was tried at 
ordinary temperature in alcoholic solution using 10% alcoholic 
pc^tash, piperidine or diethylamine as condensing agents in addition 
to small quantities of the above mentioned compound (bisacenaphthyl- 
idenediketone), small quantity nf another compound (white prismatic 
plates, m.p. 289-90®) was obtained. It contains no nitrogen. 
Its percentage composition agrees exactly with that of acenaphihe- 
none. Though the exact nature of the compound could not be 
established, it appears that two or more molecules of acenaphthenone 
have somehow condensed without the elimination of any water. 
Further work towards the elucidation of the constitution of the 
substance will soon be undertaken. 


Condensation of o-Dikctones with Acenaphthenone. 

Beactive methylene groups can readily condense with carbonyl 
group (CO) to yield either an aldol typo of product or the normal 
unsaturated product. Though a^^ompound of the latter type has been 
prepared by the condensation of acenaphthenone with acenaphthene- 
quinone (D.R.P. 212858), the aldol type of compound had not been 
previously obtained and this has now been achieved. The aldol 
product on heating with sodium acetate and acetic anhydride loses 
a molecule of water and gives the normal unsaturated product. 

6 
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Acenaphthenone 

+ 

Acenaphthene- 

quinone 



Acenaphthenone has also been condensed with phenanthraquinone 
but here only the aldol phase could be isolated. When condensation 
was tried with benzil the normal product was only obtained, the aldol 
phase being lost sight of. 


Condensation of Aromatic Aldehydes with Acenaphthenone . 

Crraebe^ and Jequer {{Annalen, 1896, 290, 204) prepared benzyli- 
deneacenaphthenone by the condensation of acenaphthenone with 
benzaldehyde. The work of Graobe and Jequer {loc. cit,) has now 
been extended and the following aldehydes were condensed with 
acenaphthenone ; 

(1) Anisic aldehyde, (2) salicylic aldehyde,* (3) m-hydroxy- 
benzaldehyde, (4) p-nitrobenzaldehyde, (5) m-nitrobenzaldehyde, 
(6) p-acetylaminobenzaldehyde, (7) cinnamic aldehyde. 

Action of amyl nitrite on acenaphthenone . — The reactivity of the 
CH 2 group towards amyl nitrite and hydrochloric acid has also been 
studied. By following the method adopted for the preparation of 
iaonitrosoflavanone from flavanonc (Kostanecki and Szabranski {Ber., 
1904, 37, 2819), isonitroso derivative of acenaphthenone has been 
prepared. This is, as expected by theory, found to be identical with 
the monoxime of acenaphthenequinone. 


Amyl nitrite 
A acid 



5 -^ . 


C:N OH 


^>oNitrosoacenaphtbenone. 


* Kalle & Go. (E. P. 233452) claims the preparation of vat dyes by the potash 
fusion of certain acenaphthenone-aldebyde condeusation products. But even in 
the original patent literature with the exception of tlio name of salicylic aldehyde 
derivative no mention is made about the compounds prepared or utilised* 
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Experimental. 

Action of Nitroso Compoxmds on Acenaphthenone. 

(a) . With p-nitrosodimrthylaniline. — To a mixture of acenaphthe- 
none (0*5 g.) and freshly prepared p-nitrosodimethylaniline (0*43 g.) 
dissolved in 10 c.c. of acetic acid, 2-3 g. of fused sodium acetate were 
added. The mixture was heated on the water-bath for about 1^-2 
hours when some orange needles began to separate. The heating was 
continued for another ^ hour to complete the separation of the 
crystals. These were filtered hot and recrystallised in beautiful 
orange needles from a large quantity of acetic acid in which they are 
only sparingly soluble, m. p. 287-88"^. It does not contain nitrogen 
and was identified to be bisacenaphthylidenediketone {vide infra), 

{b) With nitrosophenoL — Acenaphthenone (0*5 g.) *and freshly 
prepared nitrosophenol (0*38 g.) wore dissolved in 10 c.c. of acetic 
acid and 2-3 g. of fused sodium acetate added and the mixture 
refluxed on the water4)ath for 3-4 hours. As in the preceding experi- 
ment, orange-yellow needles separated which after rccrystallisation 
were identified to be bisacenaphthylidenediketone (vide infra), 

(c) With nitrosolhymol, — Acenaphthenone (0*5 g.) and nitroso- 
thymol (0*52 g.) were dissolved in acetic acid to which 2-3 g. of 
sodium acetate had been previously added and proceeded as in the 
two preceding cases. The separated crystals were again found to be 
identical with bisacenaphthylidenediketone. 

As the nitroso compounds acted as oxidising agents in the hot 
state, attempts were next made to bring about the desired condensa- 
tion in the cold, but no change was observed even on standing for 
8-4 days. 

Then the condensation was tried in presence of condensing agents 
like alcoholic caustic potash, piperidine or diethylamine. 

(d) Action of nitrosophenol on acenaphthenone in presence of 
Gauaitc potas/i. — Acenaphthenone (0*6 g.) and nitrosophenol (0*38 g.) 
were dissolved in the smallest quantity of alcohol, a few drops of 10% 
alcoholic potash added and j^he mixture allowed to stand for 10-12 
hours. The separated crystalline precipitate on examination was 
found to be a mixture of orange-yellow needles and white prismatic 
plates. The crystals were filtered and extracted with boiling acetic 
acid when the major portion of the orange-yellow substance together 
with very little of the white substance went into solution. The pre- 
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cipitate left after extraction with acetic acid was dissolved in chloro- 
form and either ether or petroleum ether added to the chloroform 
solution when only the white prismatic plates separated. 

This was filtered, m.p. 289-90°. The substance does not contain 
nitrogen. It is soluble in pyridine, almost insolubl<i in alcohol. It 
gives a straw-yellow colour with concentrated sulphuric acid and 
developes a greenish fluorescence after keeping for some time. 
(Found: C, 85‘67 ; H, 4'42. C|2HgO requires 0, 85’72 ; H, 4’76 
per cent.). 

The acetic acid extract was diluted with water and the sepa- 
rated^ precipitate after repeated crystallisations from acetic acid 
was identified to be bisacenaphthylidenediketone. 

Condensations with p-nitrosodimethylaniline and nitrosothymol 
were next tried using alcoholic potash as the condensing agent, 
but the results were identical, with that of the preceding ex- 
periment, only with this difference that the relative yields of the 
two products, viz., (1) bisacenaphthylidenediketone and (2) the 
white prismatic plates were somewhat different. 

The experiments were also repeated by using diethylamine 
and piperidine respectively, as condensing agents, but with no 
better results and only the same two products could be isolated. 

That the orange-yellow needles obtained in each attempt to 
condense acenaphthenone with nitroso compounds were identical 
with bisacenaphthylidenediketone (vide infra), was established in 
each case by mixed melting point determinations. 

Condensation of Acenaphthenone with o-Diketones. 

bisacenaphthylidenediketone was easily obtained as orange-yellow 
needles by heating on the water-bath a solution of acenaphthenone 
(0‘5 g.) and acenaphthenequinone (0’64 g.) in 10 c.c. of acetic acid 
with fused sodium acetate (2-3 g.) for 3-4 hours. After recrystal- 
lisation from acetic acid it melted at 287-88° (Graebe and Jequier 
give the m.p. 296°). (Found: C, 86'82. H, 3‘85. C24H19O2 
requires C, 86‘76 ; H, 3*61 per cent.). 

Aldol condensation of acenaphthenone and acenaphthenequinone.^^ 
The original filtrate from the preceding experiment was diluted with 
water, when a sticky solid separated. This was filtered and a portion 
of it was found to be highly soluble in alcohol, benzene, acetic acid 
or pyridine. The solid was extracted with cold alcohol and filtered 
from the insoluble residue. The filtrate was boiled with animal 
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charcoal and filtered. The filtrate on dilution yielded a mioroorys* 
talline powder which was then extracted with cold pyridine and 
filtered. To the hot pyridine solution hot water was slowly 
added when slightly pinkish plates separated on cooling. The 
crystals .were filtered, washed repeatedly with dilute hydrochlo- 
ric acid and than dried in a steam oven to free it from any 
pyridine left adhering, m.p. 168-69®. The yield of this product was 
very poor. The substance is slightly soluble in caustic potash 
solution with a blue fluorescence. In alcoholic potash it gives a green- 
coloured solution. It is highly soluble in alcohol, benzene, chloro- 
form, etc. (Found: C, 82’73; H, 3*86. C 24 H 14 O 3 requires C, 

• 82*28; H, 4*0 per cent.). 

A better yield of the above aldol product (50 % after purification) 
was obtained by the condensation of acenaphthenone with acenaph- 
thenequinone at a lower temperature (60-70®) and heating it for 
somewhat longer time (5-6 hours). Under these conditions the 
formation of bisacenaphthylidenediketone was entirely avoided. 

The aldol product easily parted with water when heated for 
about J -4 hour with excess of acetic anhydride and sodium acetate 
and yielded bisacenaphthylidenediketone, identified by mixed melting 
point determination. 


Condensation of Acenaphthenone with 'Phcnanthraquxnone, 


/ y~C:0 0:Cy\/ 

H OH\/ 


Aceoaphtbenone (0'5 g.) and pbenantbroquinone (0'62 g.) were 
dissolved in glacial acetic acid (15 c.c.) and sodium acetate (2-3 g.) 
added and was beated on the water-bath for 6-8 hours. No 
precipitate appeared during beating. After cooling the reaction 
mixture was diluted with wqfer and the precipitate filtered. The 
solubility of the product thus formed was only very slightly different 
from that of phermnthraquinone whereas that of acenaphthenone was 
very different. By washing the precipitate with rectified spirit it 
was treed from acenaphthenone. The condensation product is iess 
soluble in acetic acid than phenanthraquinone. Thus by repeatedly 
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dissloving the precipitate in acetic acid and then adding water in 
such a proportion as not to precipitate the whole thing, a product was 
obtaibed which however could not be crystallised from any solvent. 
It is fairly soluble in alcohol, highly so in benzene or chloroform. 
This product, purified from acetic acid by fractional precipitation by 
water, was obtained as a microcrystalline powder, decomposing at 
185-87^, without melting. The yield, however, of the purified 
product was extremely poor. It dissolves in concentrated sulphuric 
acid with a greenish-yellow colour. (Found: C, 82*26; H, 4*64. 
(' 20 ^ 1(503 requires C, 82*96; H, 4*25 per cent.). 

< 

Condensation of Acenayhihejianc ivith Benzil. 


/ 



\ 

— / 1 1 

— V. ' . 

1 

/ 




\/ 

\/ 


Acenaphthenone (0*6 g.) and benzil (0*63 g.) were dissolved in the 
smallest quantity of alcohol and a few drops of 10% alcoholic potash 
(10%,) added, wheb immediately a beautiful crystalline precipitate 
separated. The filtered precipitate was washed with 60% alcohol 
and was purified by recrystallisation from dilute alcohol as 
glistening hexagonal yellow plates, m. p. 205®. It is sparingly 
soluble in absolute alcohol or acetic acid and highly soluble in 
benzene or chloroform. It dissolves in concentrated sulphuric 
acid with a scarlet red colour and is reprecipitated on dilution. 
(Found: C, 86*32 ; H, 4*42. Og^HieOg requires C, 86*68 ; H, 4*4 
per cent.). 

Condensation of Aromatic Aldehydes with Acenaphthenone, 
Anisylidencacenaphthenone , 

^ 'y C:0 j/XOCHa 

<Z>— 

H 

Equirnolecular quantities of acenaphthenone and anisic aldehyde 
were dissolved in the smallest quantity of alcohol and a few drops 
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of 10% alcoholic potash added. After some time a resinous prodpet 
separated. This was filtered, washed with 40% alcohol, and then 
was dissolved in boiling alcohol, decolorised by animal charcoal 
and filtered hot. The filtrate, on dilution with a few drops of water, 
deposited on cooling beautiful yellow parallelepiped crystals, m, p. 
126’5-27°. It is sparingly soluble in acetic acid or ether, highly 
soluble in chloroform or benzene. It gives a scarlet red solution 
with concentrated sulphuric acid and is reprecipitated on dilution. 
(Pound; C, 88*51; H, 5 (). requires C, 83*90; H, 4 89 

per cent.). 

The following benzylidoneacenaphthenoncs were prepared *in a 
similar way (except whore otherwise mentioned) as the preceding 
compound. They generally separated as solids without any difficulty. 

m-NiirobGn:^yli(leneacenaphthcnone from acenaphthenone and 
ni-uitrobenzaldehyde separated from dilute alcohol in straw coloured 
rectangular plates, mix(!d up with some microcrystalline mass, 
m. p. 177-78^'. It is highly soluble in benzene or chloroform 
and sparingly soluble in ether. It gives a blood-red solution with 
concentrated sulphuric acid and on dilution the original substance is 
reprecipitated. (Found: N, 4*87. CJ 9 II 11 O 3 N requires N, 4’()5 
per cent.). 

p-Nitrohenzylideneaccnapliihenonc from acenaphthenone and 
p-nitrobenzaldehyde, forms yellow silky needles from acetic acid, 
m. p. 239-40®. It is soluble in alcohol, acetic acid, and highly so 
in chloroform or benzene and is insoluble in ether. It gives deep 
red colour with concentrated sulphuric acid. (Found: N, 4*98. 
C 19 H 11 O 3 N requires N, 4*65 per cent.). , 

CinnamylideneacGnaphihcnone from cinnamic aldehyde and ace- 
naphthenone, separated as a microcrystalline powder on the addition 
of water to the alcoholic solution of the reaction mixture after 24 
hours of standing. It was purified by repeatedly dissolving in 
alcohol and reprecipitating by the addition of water containing a few 
drops of hydrochloric acid, m. p. 214-15° with previous shrinking 
at 196°. It is soluble in benzene, chloroform or acetic acid. It 
gives an yellowish brown solution with concentrated sulphuric acid and 
is reprecipitated •on dilution. (Found: C, 89*17; H, 6 * 1 . C 2 iH ,40 
requires 0, 89*37; H, 4*96 per cent.). 

ffdlioylideneacenaphthenone from salicylic aldehyde and acenaph- 
tbenonoi has already been described under pyrylium compounds. 
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(J. Indian Ghem. 800 ., 1932, 9 , 105), m. p. 186-87®. (Found: 
C, 83'79 ; H, 4‘53. CjoH^gOa requires 0, 83‘81; H, 4’41 per cent.). 

m-Hydroxybenzylideneacenaphthenone was prepared from w- 
bydroxybenzaldehyde and acenaphtbenone in tbe same way as tbe 
preceding compounds and crystallised from dilute alcohol as pale 
yellow rectangular plates, m. p. 191-92®. It dissolves in alkali and 
in concentrated sulphuric acid with a reddish yellow colour. (Found: 
0, 83’51; H, 4'59. OpjHjjjOj requires C, 83’81; H, 4‘41 per cent.). 

p-Aoetylarninobenzylideneaccnaphthenone, from acenaphtbenone 
and p acetylaminobenzaldehyde, crystallised from hot boiling alcohol 
in lovg yellow needles, m. p. 255'5 — 56®. It is soluble in chloroform 
or benzene. It dissolves in concentrated sulphuric acid with a red- ‘ 
ish orange colour and is reprecipitated on dilution. (Found: N, 4 ‘67. 
CjiHjsO^N requires N, 4‘47 per cent.). 

Preparation of isonitrosoaoenaphihenonc . — A mixture of acenaph- 
thenone (1 g.) and amyl nitrite (1’03 g.) in alcohol (20 c.c.) was 
heated on the water-bath in a round- bottomed flask under a reflux. 
When the solution was just boiling hydrochloric acid '4 ’12 g., 
d 1'19) was added drop by drop. The colour of the solution 
changed from yellow to orange-red. Addition of hydrochloric apid 
was completed in about ^ hour. On cooling a solid separated. 
To the cold mixture water was added and the precipitate filtered. 
This was extracted with dilute sodium hydroxide solution, when 
a part went into solution forming a reddish solution. The solution 
was then filtered and to the filtrate dilute acetic acid was added 
which gave a precipitate. This was crystallised from dilute alcohol 
in fine ash-coloured needles. The isonitroso compound thus prepar- 
ed was found, as expected by theory, to be identical with the mon- 
oxime of acenapbthenequinone. This was confirmed by a mixed 
melting point determination. 


Chemical Labobatoby, 
Pbesidbncy College, Caloutta, 


Beceived Avgust 17 , 1932 . 



Journal of the Indian Chemical Society. 
Yol. IX, 1932. 

INDEX OF AUTHORS. 


Page 

Adhikari, Nadiabehari. — See Prafulia Chandra Ray. 

Ahoualachauya, C. and N. II. Duar. — Preparation and pro- 
perties of highly concentrated sols. Part II. Sols of vana- 
dium pentoxide, silicic acid and molybJic acid ... 441 

Ahluwalia, Gurcharaii Singh, Basheshar Das Kochiiar and 
Jhanendra Nath Hay. — Studies in chemotherapy. Part? III. 
Attempts to prepare antimalarials. Derivatives of 
cotarnine ... ... ... ... 215 

Baxkimee, Dilipkuinar. — See P. C. Mittkr. 

Baneimke, Sanat Kumar. — Aziactone from 0 aldehydocoumarin 
, and its condensation with some aromatic amines ... 479 

Baneimkh, Sobhnnlal and Ilemendra Kumar Sem. — The Kuietics 

of the action of ammonium halides on opichlorhydrin ... 599 

Barnes, Edward. — Some observations on selenium and 

selenium dioxide and the oxides of nitrogen .. 

Barve, P. M.— See B. N. Dksai. 

Basu, N. N. — See J. K. Ciiowdhury. 

Bhaduri. Bhutnath. — See Bawa Kartar Singh. 

Biiagwat, W. V. and N. 11. Dhar. — Influence of stirring on 
the velocity and temperature coefficient of photochemical 
reactions ... ... ... 335 

See also N. 11 , Dhar. 

Bhalla, Rattan Chand. — See Mahan Singh. 

Bhatnagar, S. S. and A. N. Kapur. — A magnetic study of the 

colour changes in cobalt chloride ... ... 341 

Bhatnagar, S. S. and Piyara f?al Kapur. — Magnetic properties 

of solid solutions ... ... ... 347 

Bhattacharvya, Kshitish Chandra. — See Anukul Chandra 
SruoAR, 

Biswas, Susil Chandra. — Diamagnetism in evidence of T. P. 
of niton 

2 


♦ * • 


233 



650 


INDEX OF AUTHORS 


Page 

Buahmachaui, Upendranath and Juanendra Mohan Das- 

Gupta, — S tudies in quinoline compounds. Part VI. ... 37 

Studies in quinoline compounds. Part VII. ... 207 

Chakravarti, Amiya Kumar. — See M. N*. Goswami. 

Chakravarti, Duhkhaharan, — Synthesis of ehromones. Pari I. 

( ‘ondensation of halogenated phenols and cresols with 
alkyl acctoacelic esters ... ... ... 2-3 

Synthesis of chromones. Part IT. Condensation of 

nitrophenols with alkyl acetoacetie esters ... 31 

Synthesis of chromones. Part III, Condensation of 

jSmaphthol with alkyl acetoacetie esters ... ... 389 

Chakravarti, Satyendra Nath and A. P, Madhavan Nair. — A n 
attempted gyntliosis of oxyprotoberberine and a synthesis 
of 3-methoxyoxyprotol)erberin6 ... ... 577 

Chakravarti, Satyendra Nath, N. Anantha Vaidvanathan and 
A. Yknkatasujibai^. — A new synthesis of 3-10-dimeiboxy- 
tetrahydroprotoberberine ... ... ... 573 

Sse also Shrirang M. Sank. 

Chatterjee, Harendra Nath. — See Anath Nath Mitra. 

Chatter, IKE, Nihar llanjari. — See Sudhamoy Ghosh., 

Chhabua, B. D. and H. II. Luthra, — O n a test of the rival 

theories of active nitrogen ... ... ... 21 

Chowdhuuy, J. K. and M. N. Mitra. — S ome acid consti- 
tuents of jute fibre ,,, ... ... 291 

CHOWDHURy, J. K. and N. N. I^abu. — A comparative study of 

jate and cotton celluloses ... 015 

Dalal, Mohonlal and Sikhibhuslian Dutt. — A general 
synthesis of a-unsaturated acids from malonic acid. 

Part II. ... ... ... ... ... 309 

Das-Gupta, Hirondra Nath. — A now method of estimating 

arsenic in organo-arsenic derivatives. Part I. ... 05 

-A new method of estimating arsenic in organo-arsenic 

derivatives. Part IT. ... ... ,,, 203 

Studies in organo-arsenic compounds. Part J. ... 371 

Studies in organo-arsenic compounds. Part IT. ... 393 

— See also M. Goswami. 

Dab-Gupta, Jnanendra Mohan. — See Upendranath Brahma- 

CRARI, 



INDEX OE AUTHORS 


051 


Page 

Das-Gupta, Tuhinangsu and Puliji Bihari Saukaji. — O n a ni‘W 
mothod of preparation of hcxamminc-tri*ol-dicoI)alti-chloride 
and tbe preparation of some nuclear polymers ... ... 

Datta, J. — See M. Gas^vAM^. 

De, Satish Chandra — See Pan sh Chandra Dutta. 

Desai, B. N. and G. M. Nabau. — A jjoti' on the Liesegang 

rings of silver chromate in gelatine ... ... 141 

Desai, B. N., G. M. Nabati and W M. Bauve. — lielution Ijct* 
ween charge and stability of colloidal solutions of gold and 
ferric hydroxide dialysed to different extents ,* 463 

Deshapande, S. S. — Synthesis of 2 :G-dicthyI-4-pyrono and 

2 :6-di-//.-propyl-4-pyrcne ... ... ... 303 

Desupande, P. Y. — See Mata Prasad. 

Dey, Biman Bihari and Arupathi Krishnaswami Laksiimi- 

nakayanax. — C oumarins and chromones from /i-naphtliol ... 149 

Dey, Biman Bihari, liul)uguuday Ilari Itaraachandra Bau and 
Yegnaraina SAXKAiiAXAiiY.ANAX. — Constitution of S-uaphtha- 
py rones ... ... ... ... ... 71 

-■2 — The stability of eoumariuic acids derived from fia-i :2- 

naplithap\ rones ... ... ... ... 281 

Dev, Biman Biliari and Mayavaram Yasudeva Situaramax. — 
Peroxidases Bart II. The Influence of tlu' concentration 
of substrate (bydroquinone), of hydrogen j)eroxide, />il, and 
other i actors on tlie activity of the ]>eroxidase of chow 
chow (SrcJiiun eda/e) ... ... ... ... 499 

Diiar, N. 11, and \\\ V, Biiaowat. — T emperature coefficients ^ 
of photochemical reactions ... ... ... 225 

Sec^ Pe N. MiTTRA, \V. W BhAGWAT, C, AnOBALACnARYA 

and 11. D. Siiarma. 

Dikshit, Brij P»ehari Lai and Sikhibhuslmn Dutt. — T he cons- 
titution of marmelosiu. Parti. ... ... ... 271 

Doss, K, S. Gururnja. — The Fluoremetric formula ... 601 

Dutt, Sikhibhushan. — See Gaj3inan Purushottam 1 ’endse, Brij 
Behari Lai Diksuit, Mohon Lai Daeae, dagaraj Behari Lal. 
Dutta, Paresli (.yiandra, — Indigoid dyes derived from phenan- 

tbraquinone. Part I. Thionaphlhene-phenanthrene indigos 99 
Duota, Paresh Chandra, Darnodar Prasad and Satish Chandra 
De. — D yes derived from phonantliraquinone : lluoreno- 
phenanthrazines ... ... ... 211 



662 


INDEX OF AUTHORS 


Page 


Farooq, Moharngiad Omar and Kobert Fergus Hunter, — The 
formation and stability of polybromide derivatives of hetero- 
cyclic compounds. Part I. The bromioation of diphenyl-^- 
thiohydantoin and its ortho->io[y\ homologuc ... 645 

Ganguli, S, C. — See J. C. Ghosh. 

Ghatak, Narendranath and Eamjee Ivaul. — C hemical exami- 
nation of the seeds of Abrus prcratorius, Linn. Part I. ... 383 

CrHosE, T. P. — See S. Krishna. 

Ghosh. I>. N, — Determination of flocculation values from 
measurements of the rate of coagulation of an arsenic sul- 
phide sol ... ... ... ... ... 61)1 

Ghosh, J. C., S. N. lUycHAUDHURi and S. C. Ganguli. — 

studies in oxidation-reduction potential. Part I, Cystine 43 

Studies in oxidation-reduction potential. Part II. 

Thiogl> collie and thiolactic acids ... ... ... 53 

Ghosh, Sudhamoy and Nihar llanjan Chatterjek. — Some new 

hjdrocupreidine derivatives. Part IT. ... ... 83 

Goswami, M. and H. N. Das-Gupta. — Introduction of arsenic 

into coumarin nucleus. Part II. ... ... ... Dl 

Goswami, M. and J. Datta. — Examination of the oil of vlupca 

ilisha ... ... ... ... ... 243 

Goswami, M. N. and Amiya Kumar Chakra varti. — A prelimi- 
nary note on a new method of synthesising benzopyrylium 
compounds ... ... ... ... ... 691) 

Guha, Sisir Kumar. —Dyes derived from acenaphthenequinone. 

Part III. Azines and indigoid vat dyes ... ... 423 

GujJjikar, K. H. and T. S. Wheeler. — A note on the calcula- 
tion of the space displacements of terminal carbon atoms 
in ring formation ... ... ... ... 67 

Hunter, Eobert Fergus. — The directive effect of substituents 
on the oyolisatioh of substituted s-diarylthiocarbamides. 

Part I. The effect of fluoro, iodo, and oyano substituents 
on the formation of anilinobenzthiazole derivatives from 
mono-p-substituted tbiocarbanilides and bromine ... 435 

Hunter, Eobert Fergus and Edwin Eichard PatRKen. — The 
interaction of s-7>-carbethoxyphenylalkylcarbamides with 
bromine and a note on the effect of the isobutyl group on • 
hydrotribromide formation in 1-alkylaminobenzthiazoles 857 
— — See also Mohammad Omar Farooq, 



INDEX OF AUTHORS 


653 


Page 

JosHi, Sbiam Sunder. — See Shrirang M. Sane. 

Josni, Shridhar Sarvottam and Gurudas Hamchandra Phansal- 
KAK. — Studies in the coagulation of colloids from the 
standpoint of Smoluchowski's theory. Part III. Coagu- 
lation of arsenious sulphide sol by sulphuric acid solu- 
tions ... ... ... ... ... 157 

Kapadia, B. M. — See A. N. Mkldrum. 

Kappanna, a. N. and H. W. Patwahdhan. — Kinetics of the 
reaction between bromacetate and thiosulphate ions at great* 
dilutions ... ... ... ... 379 

Kapur, A. N. — Sec S. S. Bhatnagar. 

Kapur, Piyara Lai. — Sec S. S. Biiatxagar. 

Katrak, (Miss) B. N. and A. N. Meldrum. — Condensation of 

butylchloral with gallic acid and the three cresotic acids ... 121 

Ku’i., Kamjee. — See Narendranath Ghatak. 

Kuchhar, Basheshar Das. — See Gurcharan Singh Ahluwalia. 
Krishna, S. and T. P. Gnosu. — Actinodaphnine. An alkaloid 
• from Aciinoda}ihne hoolccri, Meissn. ... ... 429 

Lakshminakavanan, Arupathi Krishnaswami. — See Biman 

Bihari Dev. 

Lal, Jagaraj Bchari and Sikliibhushan Dutt. — Metallic cerium 

in organic synthesis ... ... ... ... 56r> 

Luthra, H. II. — See B. D. Chhabra. 

Mahant, Sampuran Das. — The oxidation of sulphur dioxide in 

the electrodeless discharge ... ... ... 417 

Malhotra, R. C. —Composition of kapok seeds ... ... 413 

Meldrum, A, N. and B, M. Kapadia. — Condensation of chloral 

with 2-hydroxy-P'toIuic acid and its methyl ether ... 483 

See also (Miss) B. N. Katrak. 

Mitka, Anath Nath, Harendra Nath Chatteujee and Hemcndra 
Kumar Sen. — Explosion*^ of oxy-hydrogen mixtures in 
soap bubbles , ... ••• ... 163 

Mitra, M. N.— See J. K. Chowdhury. 

Mii;ra, Susil Kumar. — On thioaldehydes and thioketones ... 633 

Mitter, P. C. and Hirendra Chandra Ray. — F riedel and 

Crafts' reaction with phenolic acid ... 247 



664 


INDEX OF AUTHORS 


Mittkr, P. C. and Dilipkumar Baxerjke. — S ynthesis of aloe- 
emodin 

MiTTiu, R, N. and N. R. Dhau. — Preparation and properties 
of highly concentrated sols. Part I. 

Nabaii, G. M. — See B. N. Desai. 

Nabar, M. V. and Mata Piiasad. — T he effect of sugars on the 
inhibition of the precipitation of ceric hydroxide from a 
solution of ceric ammonium nitrate 

Naik, K. G. and R. P. Patel. — M ercuration of compounds con- 
taining the reactive methylene group by means of mercuric 
acetate 

Mercuration of compounds containing the reactive 

inethylene group l)y means of mercuric chloride. Part II. ... 

Naik, K. G. and V. B. Thosail — A study of the interaction 
between thienyl chloride and substances containing the re- 
active methylene group. Part III. 

A study of the interaction between thionyl chloride 

and substances containing the reactive methylene group. 
Part IV. 

Nair, a. P. Madhavan. — See Satyendra Nath Ghakravarti. 

Pal, Indu Bhusan. — See Anukul ( -handra Siucau. 

Parken, Edwin Richard. — See Robert Fergus IIi xter. 

Paumanick, B^rendra Nath. — See Shrirang IM. Sank. 

Patel, R. P.— See K. G. Naik. 

Patwaudhan, H. W. — See A. N. Kappanna. 

Paul, Prafulla Kumar. — Synthesis of 1 :2 :7-trihydroxy-5- 
methylanthrone-8-carboxylic acid ... 

Pendse, Gajanan Purushottam and Sikhibhushan Dutt. — 
Hetero-ring formation from aniline derivatives of succino- 
Buccinic ester 

Phansalkar, Gurudas Ramchandra. — See* Shridhar Sarvoitam 
JOSHI. 

PiLLAY, P. Parameswaran. — See Salimuzzaman Siddiqui. 

Pjrakash. Satya. — A note on the relation between ^poagulaiion 
and gelation points of sols 

Influence of temperature on the setting of inorganic 

jellies 

Prasad, Domodar. — See Paresh Chandra Dutta. 


Page 

376 

316 

000 

186 

533 

J27 

4Vl 

403 

07 

137 

193 



INDEX OF AUTHORS 


C)55 

Page 


Prasad, Mata and P. Y. I^eshpande. — A physical method of 
estimating ferrous and ferric iron formed by the actions of 
potassium dichromate and potassium permanganate upon 
ferrous salt ... ... ... ... ... 138 

See also M. V. Nadar. 

PuuKAYASTHA, Rukmini Mohau. — The reduction of ferric chlo- 
ride by citric acid, malic acid and sugars ... ... 237 

Ra.ia Gopalan, M. D. — See Aniikul Chandra Siiu ah. 

Kay, Hircndra Chandra. — See P. C. Mitteu. 

Ray, Jiianendra Natli. — See Gurcharan Singh Auluwalia. ^ 

• liAV, Prafulla Chandra and Nadiabeliari Adhikari. — Complex 
compounds of iridium. Pari I. Compounds with organic 
sulphides ... ... ... ... 251 

Ray, Susil Kumar. — See liajendra Nath Sen. 

Ray, Susil Kumar. — On the study of polyhalides. Part I. 
F'ormation and dissociation of polyhalides of hydrogen 
(clilorodibromide, chloro-di-iodidc, bromo-di-iodide, tri-bro- 
mide and tri-iodide of hydrogen) ... ... ... 259 

Rayciiaudhuhi, S, N. — Sec J. C. Gnosii. 

Rau, (Rao) Kubugunday Hari Kamacliaiidra. — See P>iman Bihari 
Dev. 

Sadasivam, II. — See R. N. Sen. 

Sane, ShrirangM., Satyendra Nath Chakra VA iiTY, and Birendra 
Nath Paumanick. — Behaviour of nitrophenols with p4oluene- 
sulphonyl chloride. Part II. ... ... ... 55 

Sane, Shrirang M. and Shiarn Sunder Josiir. — Behaviour of » 
nitrophenols with p-tolucnesulphonyl chloride. Part III. ... 59 

Sankaranarayanan, Yegnarama. — See Biman Bihari Dey. 

Sarkar, Pulin Bihari. — See Tuhinangsu Das-Gupta. 

Sen, Hemendra Kumar. — See Sobhanlal Baner.ii, also Anath 
Nath Mitra. 

Sen, Rajendra Nath and Susil Kumar Kay. — Studies on Reimer- 

Ticmann reaction ... ... ... ... 173 

— — — Condensation of ben zotri^loride with phenols ... 181 

Sen, R. N. and JI. S.adasivam. — Studies on the formation of 
azoxy, azo, hydrozo and benzidine compounds and the 
dyes derived from the latter ... ... 403 

Sen-Gdpta, Prem Banjan and Anukul Chandra Sircar. — The 

reaction between quinolinic anhydride and phenylhydrazine ,,, 145 



666 


INDEX OF AUTHORS 


Page 

Sharma, E. D. and N. E. Dhar. — ^P reparation and properties of 
highly concentrated sols. Part III. Sols of Zirconium 

hydroxide ... ... ... ... 455 

SiDDiQUi, Eafat Hussain. — See Salimuzzaman Siddiqui, 

SiDDiQUi, Salimuzzaman and P. Parameswaran Pillay. — T he 
alkaloids of Holarrhana aniidysenterica. Part I. Three new 
alkaloids from the bark of Indian Holarrhena and new 
methods of isolation and further purification of conessine ... 553 

Siddiqui, Salimuzzaman and Eafat Hussain Siddiqui. — T he 

alkaloids of Rauwolfia serpentina, Benth. Part I. ... 539 

SiNoh, Bawa Kartar. — The early development of stereochemis- 
try and Pasteur’s law ... ... ... 1 

Singh, Bawa Kartar and Bhutnath Btiaduri. — S tudies on the 
depend/3nce of optical rotatory power on chemical constitu- 
tion. Part XIV. Stereoisomeric aminometliylenecamphors, 
iminomethylenecamphors and their derivatives ... 109 

Singh, Mahan and Rattan Chand Bhalla. — R otatory powers of 
some substituted camphoranillic acids and camphorphenyl- 
imides ... ... ... ... ... 3G3 

Sircar, Anukul Chandra and Kshitish Chandra Bhattachauyya. 

— Studies in fluorenone. Part IT. ... ... ... 521 

Sircar, Anukul Chandra and M. D. IIaja Gopalan. — S tudios in 

acenaphthenone. Part I. Pyrylium derivatives ... 103 

Studies in acenaphthenone. Part II. Indole and 

acridine derivatives ... ... ... 297 

' ■ "Studies in acenaphthenone. Part III. On the reactivity 
, of its ‘CH 2 ’ group ... ... ... ... 039 

Sircar, Anukul Chandra and Tndu Bhusan Pal. — S tudies in 

heterocyclic compounds. Part II. ... 527 

See also Prem Eanjan Sen-Gupta. 

SiTHARAMAN, Mayavaram Vasudeva. — See Biman Bihari Dby. 

Snell, Frederick Rowlandson. — A study of the conductivity 

of solutions of zinc oxide in caustic soda solution ... 583 

Thosar, V. B. — See K. G. Naik. 

Vaidyanathan, N. Anantha. — See Satyendra Nath CaAKiiAVARTi. 
Venkatasubban, a. — S ee Satyendra Nath Chakravarti. 


Wheeler, T. S. — See K. R. Gunjikar. 



Journal of the Indian Chemical Society. 
Yol. IX, 1932. 

INDEX OF SIJ EJECT. 


A 

Page 

Abralin (Ghatak and Kaiti.) ... ... ... 387 

Abrine (Ghatak and Kaui.) ... ... ... 386 

Ahrus precdloritis , Linu, chemical examination of the Ree(i9 of 

(Ghatak and Kaul) ... ... ... ... 383 

Acenaphthaphenazine, 0-nitro-, 3-chloro-O-nitro-, 3-bromo-9* 

nitro-, 3 : 4: 9-trinitrO', 9-amino- (Guha) ... 424-425 

2 : 3-Acenaphthbenzopyrylium chloride, ferrichloride, perchlo- 
^rate and their 7-hydroxy derivatives (Siktar and Raja 
Gopalan) ... ... ... 104, 105 

Acenaphthenequinone, dyes derived from a/ine and indigoid 

vat dyes (Guha) ... ... ... ... 423 

Acenaphthenone, anisylideno, bonzylidene (w-nitro, p-nitro-, 
w-hydroxy-, p-acetylaiiiino-), cinnamylidene-, isonitroso-, 
salicylidene (Sircar and Raja Gopalan) ... G43-648 

action of nitroso compounds on (Sircar and 

Raja Gopalan)... ... ... ... 643 

condensation with o-diketones ,, ,, ... 644 

condensation with aromatic aldehydes ,, ,, ... 640 

reactivity of its group ... ... ... 089 

Acenaphthenone, o-nitrobenzylidene (Sircar and Raja 

Gopalan) ... ... ... ... ... 300 

studies in, pyrylium derivatives from (Sircar and 

Raja Gopalan) ^ ••• ... ... 103 

indole and acridine derivatives (Sircar and Raja 

Gopahan) ... ... ... ... 297 

Acenaphthenone, salicylidene (Sircar and Raja Gopalan) ... 105 

Aoenaphthindole, N -methyl' u/S-, (Sircar and Raja Gopalan) 298, 299 
Acenaphthylene-indigo, 2-thionaphthene-8^ (B'-chloro or -bromo 

and 3' : 4'-dinitro-) (Guha) ... ... 426-427 

3 



658 


INDEX OF SUBJECT 


Page 

Acetoxybydroxymercurimalonmono-(o-, »n*, p-)toluidide8. mono* 

phenylamide, mono-(«-, )9 )nttphtbylan)ide8, mono (1 ;d ;4-. 

1 ; 4; 5)-xylidides (Naik and Patel)... ... ... i<)l 

Acriquinoline, 6 ;9-dibydro-5 :22-dibydroxy-, and their dime- 

thyl, dimethoxy, diethoxy, tetramethyJ, diphenylenedihy- 
droxy and diaoetyi derivatives (Penusb and Dctt) ... 09-70 

Actinodaphne hookeri, Meissu, an alkaloid from (Krishna 
and Ghose) ... ... ... ... 429 

Actinodapbnine, an alkaloid from Actinodaphne hookeri, 

Meissn (Krishna and Ghose) ... ... ... 420 

f 

Ajmaline, and methyl, benzoyl and nitroso derivatives (Siddiqci 

and SiDOiQUi) ... ... ... 542-548 

determination of active H, OCHa and NH^ in 

(SiDDiQUi and Siddiqui) ... ... 541, 544 

effect of heat on (Siddiqui and Siddiqui) ... ... 543 

l-Aldehydo-2-hydroxybenzene-3-sulphonic acid (Sen and Ray) ... 17(> 

Alkylacetoacetic esters, condensation with halogenated phenols, 
cresols and resorcinol-mono- and dimethyl ethers (t'EAKiiA- 
varti) ... ... ... ... ... *25 

condensation with nitrophenols (Chakra VA im) ... 81 

I-Alkylaminobenzthiazoles, a note on the effect of the tsobutyl 
group on hydrotribromide formation in (Hunter and 
Parkbn) ... ... ... ... ... 367 

Allyl-8-aminoquinoline hydrochloride and 6-ethoxy- (B rahma- 

oHARi and Das-Gupta) ... ... ... 40, 41 

Allylthiocarbimido-8-aminoquinoline hydrochloride and 6-ethoxy- 

(Brahmachari and Das-Gupta) ... ... 40, 41 

Aloe-emodin, synthesis of (Mitter and Banerjbe) ... 375 

Aluminium hydroxide sol (Mitter and Dhar) ... ... 318 

8-^-Amiaoisopropylaminoquinoline dihydrochloride, 6-methoxy-, 
2-methyl-6-m ethoxy-, 2-methy 1-6-ethoxy-, 2-methyl-6-chloro-, 
2-raethyl-(BHAHMACHARi and Das-Gupta) ... ... 38 

Aminomethylenecamphors and their derivatives, stereoiso- 
merism of (Singh and Bhadubi) ... ... ... 109 

N-(8-Quinolyl))u-amino-a-metbylthia2olme hydrochloride (Bbah- 

MACHABi and Das-Gupta) ... ... .... 42 

B-j8-Aminopropylaminoquinoline dihydrochloride and 6-chloro- 

(Bbahmachari and Das-Gupta) ... ... ... 8V 



Index of subject 


669 


Page 

Anhydrocotarnmo, p-pbcnetidide, p-nitrotoluene, p-hydroxy- 
toluene, l-phenyI-8-methylpyrazolone, 1 : 5-diphenyl-3- 
methylpyrazole (Ahluwalia, Kochhar and RAy) 218, 21P 
Aniline, p-cyano-( Hunter) ... ... 

l-Anilinobenzthiazole, 4' fluoro-, 4'-iodo-. and 4'-cyano- (Hunter) 439 
Anilinobenzthiazoie derivutivfts, the effect of fluoro, iodo and 


cyano substituents on the formation of (Hunter) 
Anthraquinone, l-aldehy(lo-2-hyclroxy. (Sen and Ray) 

^-aldehyde and /i-carbinol (Mitter and Baneimee) 
1 :8 dihydroxy-3-aIdehvdt* and 3-carbinol (Mjtter 


... 436 

... 170 

... 376 

and • 


Banerjeei ... ... ... 377 

0-carboxylic acid chloride (Mittbii and Banrimee) ... 376 

Anthrone-B carboxylic acid, 1 :2 :7-trihydroxy-5-methyI, syn^the- 
sis of (Paul) ... ... ... 493,495 

Antimalarials, attempts to prepare (AuLUWALrA, Kochhar and 

^ay) ... ... ... ... 215 

Approach values, the general formula for (Gunjikar and 

Wheeler) ... ... ... ... 07 

Ara«nic, a new. method of estimation of, in organo-arsenic deri- 
tives (Das-Gupta) ... ... ... 95, 203 

Arsenious sulphide sol, coagulation of, by sulphuric acid solu* 

tions (JosHi and Phansalkar) ... ... 157 

rate of coagulation and flocculation values (Ghosh) ... 591 

Azlactone from 6-aIdehydocoumarin and its condensation with 

some aromatic amines (Banerjbe) ... 479 


B 

Benzaldehyde, p.hydroxy-, 2-nitro-4-hydroxy‘, S-bromo-p-hy- 
droxy-, 2-methyl-6-f8opropyh5'bydroxy , 6-methyl-3-t«opro- 
pyl-4-hydroxy- (Sen and Ray) ... 174-178 

Benzaldehyde, condensation with malonic acid in presence of 

quinoline (Dalal and Dutt) ^ ... ... ... 311 

Benzidine, o-and in-dihydroxy-, and o-and w-dihydroxymethyj- 
their bi8azo-i8-n£^phthol, -^-naphtholsulphonic acid, -)8-naph- 
thylamine and *dimethylaniline derivatives (Sen and Sada- 

8Iv\m) ... ... 406-411 

Benzoic acid, 3-metbyl-5-nitro-6-diphenylamino- and its ethyl 
eater (Sane, Chakravarty and Parmanick) ... 



G60 


IKDKX OF SUBJECT 


Paoe 

i^eazoic acid, l-nj8/3y-t3trachlorobutyl-2-methylhydroxy-5-, 3- 
ay9)3)8-tefcrachloroethyl-5-methy 1-6-hydroxy- (Katkak and 

Meldruh) ... ... ... ... ... 125 

p-hydroxy- (Sen and Kay) ... ... ... 174 

m-hydrazo (Sen and Sadasivam) ... ... 405 

3-hydroxy-4-methyl-2-/8;8-dichloroetby 1- , 6-mcthoxy- 

4-methyl-2-/3/3-dichIoroethyl-, 3-hydroxy-4 : 

6-dimethyl- (M eldrum and Kapadia) ... 487-490 

Bcniiopyrylium compounds, a preliminary note on a new method 

of ^synthesis of (Goswami and Chakra vakti) ... 5^9 

Benzophenone, o- hydroxy- (S en and Bay) ... ... 182 

Benzotrichloride. condensation of, with phenols (Sen and 

Kay). ... ... ... ... ... 181 

Benzoyl (3'-carboxy-4'-hydroxy , S' carboxy - I'-iiicthoxy-, -3'- 
carboxy-4'-hydroxy-5'-methyi-, 3'-carboxy-4'-methoxy-5' 

methyl-,) -2 benzoic acid and their methyl esters (Mitteu 
and Ray) ... ... ... 249-259 

Benzthiazole, (ethyl- i-methylamino-, 1-met hyJamino-, ethyl-l- 
ethylamino-, ethyl-l-isobutyluminO")“5-carboxylate and hydro 
tribromides (Hunter and Parken) . . . 360-301 

Benzyl alcohol, m-azo*, m-and o-hydrazo- (Sen and Sadasivam) 408 
Benzylaminomethylene-d-camphor (Singh and Bhadori) ... 113 

Bisacenaphthylidenediketone (Sircar and Raja Gopalan) 643, 044 
Bismethylbenzoxazole (Sen and Sadasivam) ... ... 407 

Bromacetate ions, kinetics of reaction with thiosulphate ions 

(Kappanna and Patwardhan) ... ... ... 379 

Brcfifno-di-iodide (Ray) ... ... ... ... 268 

Bromophenols, chromones from (Chakra vauti) ... 29 

Butylchloral, condensation with gallic acid and the three 

eresotic acids (Katrak and Meldrum) ... ... 127 

Butane, aaj8-tricbloro-di -(3-methyl-4-hydroxy-6-carboxyphenyl)- 

(Katrak and Meldrum) ... ... ... 126 

c 

Camphoranilic acids (substituted) rotatory powers of (Singh and 

Bhalla) ... ... ... ... 868 

Camphoranilic acid, 3': 6'-dimethyl-, 2': 4'-dimethyl-, 2': 4'- 
-dichloro*, 2': 6'-dimetboxy-, 3'-methoxy-, 3'-ethoxy-, 2'- ‘ 
£Dethoxy-4'-nitro-, 2'-ethoxy-4'-nitro-, 2'-methyI-4'-nitro-, 

3' metbyl-2' (or 6') -nitro- (Singh and Bhalla) 866, 366 



INDUX Ol^' SUBJIilCr 


G61 


Page 

Camphoric anhydride, condensation of, with substituted amines 

(Singh and Bhalla) ... ... ... 366 

Camphoro(2': 4'-dichloro-, 2^ :o'-dimethoxy-, #//-methoxy-, m- 
ethoxy*, 2' :6'-dimethyl)-phenylimide (Singh and 
Bhalla) ... ... ... ... 366-367 

Camphorophcnylimicles, rotatory powers of (Singh and Bhalla) 363 
s-p-Carbethoxyphenylalkylthiocarbarnides, interaction of, with 

bromine (Hunter and Parken) ... ... ... 357 

Cellulose, octa-acetate, yield of (Chowduury and Basu) ... 022 

Celluloses, jute and cotton, a comparative study of (Cuow- 

DHURY and Basu) ... ... ... ..T 615 

differentiation of, by means of viscose reaction 624 

niythylation of (CnowDiiURv and Basu) ... ... 624 

('eric hydroxide, inhibition of precipitation of, l>y isugars 

(Nabar and Prasad) ... ... ... 609 

Cerium in organic synthesis (Lal and Butt) ... ... 565 

Chemical constitution, studies on the dependence of optical 

rotatory power on (Singh and Bhaduri) ... ... 109 

Chemotherapy, studies in (Ahluwalia, Koohhar and RIy) ... 215 

(Thloral, condensation of, with 2-hydroxy-p-toluic acid and its 

methyl ether (Meldrum and Kapadia) ... ... 483 

Chloro-dibromide, and di-iodide (Ray) ... ... 259 

Chow chow (sechium cdule), activity of the peroxidase of, 

(Dey and Sitharaman) ... ... ... 499 

Chlorophenols, chromones from (Chakra varti) ... ... 27 

Chromium arsenate jelly (Prakash) ... ... 196 

Chromium hydroxide sol (Mitter and Dhar) ... ...» 319 


Chromone, 2:8-meihyl-3 ethyl-, 2-8tyryl-8-methyh3-ethyl-, 6 
(or B)-chloro-(and l)romo)-2-methyl (styryI)-3-alklyl-, 2 styryl- 
3:6 (3:8) -dimethyl-, 6 (or 7)-nitro-2-methyl (styryl) -3- 
alkyl- (Chakhavarti) ... ... 27-35 

Chromones, from /?-naphthol (Dey and Lakshminarayan) 149 

synthesis of (Chakravarti) ... ... 390 

from halogenated phqpols and cresols (Chakravarti) 25 

from nitrophenols (Chakravarti) ... ... 31 

Chrysophanic acid, diacetyl (Mitter and Baneiuee) ... 377 

Clupea iliehat examination of the oil of (Goswami and Dutta) 243 
Coagulation of colloids, from the standpoint of Srnoluchowski’s 

theory, arsenious sulphide sol (Joshj and Phansalkar) ... 157 

Coagulation, its relation with gelation (Prakash) ... ... 137 



662 


INDEX OF SUBJECT 


Paob 

Cobalt chloride, a magnetic study of colour changes in (Bhat- 

NAGAB and Kapub) ... ... ... ... 341 

Colloidal solutions, relations between charge and stability 

(Desai, Nabab and Babve) ... ... 463 

effect of dialysis, and of gold, (Desai, Nabab and Babve) 463 

Complex compounds of iridium: IrCly'BMcgS.IraCIs'dMe^ S, 

IrClg - 21 ^ 628 , IrCla-SEtgSa, IrgCIs ^Et^S (IrCl2).^-3Et3S2 
(Ely and Adhikari) ... ... ... 2')3-256 

Concssimine, characterisation of, and derivatives (Siddiqui and 

PiLiAY) ... ... ... ... 567-560 


Conessine, new method of isolation of and further purihcation 

of, and derivatives (Sinmyui and Pillay) . . . 553, 657 , 563 

Cotamine, derivatives of (Ahluwalia, Kochhar and EAv) ... 215 

oxidation of narcotine, to (Aheuwalia, Kochhar and EAv) 217 
o-Coumaric acid, azoxy- (Sen and Sadasivam) ... ... 405 

5 -aldehydo-, 5-carboxyl- (Sen add Eay) 176, 177 

Coumarin-O-arsinic acid, 7-methyl-, 4 :7-dimethyl- ((Ioswami 
and Das-Gupta) ... ... ... 

Coumarin, 6- azoxy- (Sen and Sadasivam) ... ... 404« 

6 -aldehydo- (Sen and Eay) ... ... 

from /8-naphthol (Dey and Lakshi.manaravana.v ... 149 

introduction of arsenic in (Goswami and Das-Gupta) 91 
-(7-m6thyl-4 : 7-dimethyl)- O-azonaphthylsulphoarsinic 


acid (Das-Gupta) 
3:4:6-trimethyI- (Chakbavabti) 


Coumjffin-6-pyruvic acid in the form of quinoxaiino compound 
(Baner.teb) ... 

Coumarinic acids derived from j8o-l :2-naphthapyruneB, the 


stability of (Dev, Eao and Sankabanarayanan) 
o-Coumarylphenylketone (Sen and Eay) ... 

Cresotic acid, condensation of butyl chloral with (Katrak and 
Meldbum) 

p-Cresotinic acid, nitro-(SANE, Chakravabty and Parmanick) ... 
Cystine, studies in oxidation-reduction potential of (Ghosh, 
Eaychaudhuri and Ganguli) ' ... ... , 


281 

133 

121 

56 

43 


D 


Dehydropropionyl-(butyryl)-acetic acid (Dbshapande) 


305, 806 



INDEX OE SUBJECT 


66b 

Page 


Dehydropropionyl-(n.butyryl)-acetooarboxylio acid (Deshapandb) 

304, 306 

Diacetoxymercuriacetoacet, anilide, (o-, m-, p)-toluidideB, (a-, j3)- 
naphthyi amides, 1 :3 :4(1 :4 :.'>)-xylidide, m-nitroanilide 


(Naik and Patel) ... ... ... ... lOl 

Diamagnetism, in evidence of I. P. of niton (Biswas; ... 233 

Diphenio acid, m-diamino- (Sen and Sadasivam) ... ... 406 

Dodecammine-hexol-tetracobalti-thiosulphate (Das-Gopta and 

Sarkab) ... ... ... ... ... 81 


E 

Epichlorhydrin, kinetics of the action of ammonium hali.des on 


(Banekjee and Sen) ... ... ... ... 509 

Ethylben/.aldiucetoacelate (Mitra) ... ... ... 635 

Ethyldiacetoxymercuriacetoacetate and malonate (Naik and 

Patel) ... ... ... ... ... 191 

Ethylmulon (o-, & p-tolyl, )3-naphthyl, l-3:4-xylyl, 1:4:6- 
, xylyl)- amatcsulphide (Naik and Thosar) ... ... 477 

Explosion of oxy-hydrogen mixtures in soap bubbles (Mitra, 

Chatterjee and Sen) ... ... ... ... 163 

F 


Ferric chloride, reduction of, by crtric acid, malic acid and sugar 


(Purkayastha) ... ... ... ... 237 

Ferric hydroxide, colloidal solution of (Desai, Nabar and » 
Bahve) ... ... ... ... ... 463 

Ferric hydroxide sol, preparation and properties of (Mittra and 

Dhar) ... ... ... ... ... 316 

Flocculation values of arsenious sulphide sol (Ghosh) ... 691 

Fluoremetric formula (Doss) ... ... ... 601 

Fluorenone-2 : 7-bi8azo derivatives (Sircar and Bhattacharyta) 

,, 528-626 

Fluorenone, 2-iodo- (Sircar and Bhattacharyya) ... ... 622 

Fluorenophenantbrazines and derivatives (Dutta, Prasad and 

Db) ... ... ... .... ... 218 

Friedel and Crafts' reaction with cerium powder (Lal and 

Dott) ... ... — ... ... 666 

with phenolic acids (Mittbb and Bay) ... ... 247 



664 


INDEX OP SUBJECT 


G 

Page 

Galacturonio aeid, isolation of, from jute fibre (Chowdhury and 

Mitra) ... ... ... ... ... 294 

Gallic acid, condensation of butylohloral with ^KATUAK and 

Meldrum) ... ... ... ... ... 121 

Gelation, its relation with coagulation (Prakash) ... ... 137 

Glycuronic acid, isolation of, from jute fibre (CnowDnuRY and 

Mi^ra) ... ... ... ... ... 293 

H 

Heterocyclic compounds, formation and stability of, polybromide 

derivatives (Farooq and Hunter) ... ... ... 545 

studies in (Sircar and Pal) ... 527 

Hexammine tri ol-dicobaltichloride, a new method of prepara- 
tion of (I)as-Gupta and Sarkar) ... ... ... 70 

thiosulphate (Das-Gupta and Sarkar) ... ... 81 

Holarrhcna antidy sent erica, alkaloids of (Siddiqui and I^illay) 553 
colour reactions of the alkaloids of (Siodiqui and 

Pillay) ... ... ... 563 

Holarrhine and its derivatives (Siddiqui and Pillay) 558-562 

Hydrocotarnine, l-(2' :4'-dihydroxyphenyl)-, l-(2 :3 : 4-trihydroxy- 
phenyl)-, 1 - (2 :4 : 6 trihydroxy phenyl)- (Ahluwalia, Kochhar 
andKAY) .... ... ... ... 217-218 

Hydj-ocupriedine, n-propyl-, n-butyl-, n-amyl-, n-heptyl-, n- 
octyl-, isobutyl-, and their hydrochlorides (Ghosh and 
Chatter jbe) .. . ... ... ... ...83-85 

Hydrogen, tribromide and tri-iodido of (Bay) ... ... 259 

Hydroxysulphatomercurimalonmonophenyl amide (Naik and 

Patel) ... ... ... ... ... 192 

I 

Iminomethylenecamphor (d and meso) (Singh and Bhaddri) 112 

Iminomethylenecamphors and derivatives, stereoisomerism of 

(Singh and Bhaduri) ... ... ... 109 

Iridium, complex compounds of (Bay and Adhikari) ... '251 

Iron, ferrous and ferric, estimation of, by physical method 

(Prasad and Deshpande) ... 138 



INDEX OP SUBJECT 


666 


J 

Pass 

Jellies, inorganic, influence of temperature on the setting of 

(Prakash) ... ... ... ... ... 193 

Jute fibre, some acid constituents of (Chowdhuuy and Mitra) ... 291 


K 

Kapok seeds, composition of (Malhotra) ... ... 413 

Kinetics, of the action of ammonium halides on epichlorhydrin 

(Banerjeb and Sen) ... ... 509 

of the reaction between bromacetate and thiosulphate 
ions (Kappanna and Patwaudiian) ... ... 379 

L 

Liesegang rings of silver chromate (Desai and Nabar) 141 

M 

Mijlonic acid, a general synthesis of a-unsaturated acids from 

(Dalal and Dutt) ... ... ... ... 309 

Mandelic acid, 2hydroxy-6-carboxy-3-methyl, 2carboxy-3- 

carboxymethy l-4-hydroxy-5-methyl-(MELDRUMand Kapadia) 485, 488 
Marmelosin, and its derivatives (Dikshit and Dutt) ^ 276-278 

constitution of (Diksiiit and Dutt) ... ... 271 

phenylurethane (Dikshit and Dutt) ... ... 270 

Meeonine, condensation of, with ethyl methoxy-rn-cresotinate ^ 
(Paul) ... ... ... ... ... 494 

Merciiration of compounds containing a reactive CH 2 -group by 

means of mercuric chloride (Naik and Patel) ... 533 

by means of mercuric acetate (Naik and Patel) ... 185 

Mercuriacetoaoet anilide and o-, & p-toiuidides (Naik and Patel) 537 
Mercuriethylacetoacctate (Naik and P.atel) ... ... 537 

Mcrcurimalonamide (Naik and Patel) ... ... ... 536 

Mercurimalonmonophenylamidc, (o, m, & p)-toluidide8, (a-, & /8)< 

naphthylamides, and -1 :3 :4 xylidide (Naik and Patel) ... 537 

Mercurisulphosalicylic acid jelly (Prakash) ... ... 197 

Methjrlbenzoate, 2-hydroxy-4-methyl-6-nitro-, 4-hydroxy -3-nitro-, 
4-hydroxy-6-bromo-B nitro-, and their p-toluenesulphonie 
esters (Sane and Josm) ... ... ... ..,62-63 

4 



666 


INDEX 0? SUBJECT 


Page 

Methylbenzoate, 2-phenylamino-4-methyl-5-nitro-, 4-phenyl- 
amino-S-nitro-, 4-phen,ylamino*3-mtro-i5*bromo- (Sane and 
JosHi) ... ... ... ... ...62-13 

Molybdic acid sol, preparation and properties of (Ahobalacharya 

and Dhar) ... ... ... ... ... 446 


N 

^-Naphthafuran carboxylic acid (Dey, Rao and Sankaka- 

nakayanan) ... ... ... ... 288 

^-1 :8f-i8oNaphthoxazine, 3- nitro-, 3-amino- (D as-Qupta) ... 399 

^-1 :8-t8oNaphthoxazone-3 ar8inic acid (Da::.Gopta) ... 400 

a-Naphthapyrone-B-arsinio acid and 4-methyl derivative 

(Goswami and Das-Gopta) ... ... ... 93 

1 :2-a-Naphthapyrone, 6-nitro-, 0-atnino- (Goswami and 

Das-Gupta) ... ... ... ... ... 93 

1 ;2-i8a-Naphthapyrone, 4-methyl- (Dey and Lakshminaiiayanan) 153 
4-metbyl-6-azonaphtbyl8ulphoarsinic acid (Das-Gvpta) 373 
3 ; 4-dimethyl- (O hakkavabti) ... ... 391 

/?-Napbtbapyronc8, constitution of (Dey, Rau and Sankara- “ 

NARAYANAN) ... ... ... ... 71 

3 :3-Di-l :2-j3a.naphthapyrone (Dey, Rau and Sankaua- 

narayanan) ... ... ... ... 71 

1 ■.2-/3a-Napbthapyrone-3-acetic acid (Dey, Rau and Sankaua- 

narayanan) ... ... ... ... 76 

/3a-l :2-Naphthapyrone, 3-bromo-, 3-nitro-, (?)nitro-4-methyI- 

<DEy, Rad and Sankaranarayanan) ... ... 285, 286, 288 

1 :4-j3a-Napbthapyrone, 2 ; 3-dimethyl-, 2-Btyryl-3-methyI-, 

2-methyl-3-ethyl-, 2-sty ryl-3-ethyl-, 2-methyl-3-propyl-, 

2 methyl-3-i8opropyl-, 2-styryl-3-i8opropyl- (Chakra varti) 391-8. 2 
1 :4-8a-Naphthapyrone, 2-mothyl-, 2-styryl- (Dey and Lakshmi- 

narayanan) ... ... ... ... ... 154 

2 Naphthol-l-uldehyde, action of sodium succinate and succinic 

anhydride on (Dey, Rau and Sankaranarayanan) ... 76 

/8-Naphthol, condensation with alkylacetoacetio ester (Chakra- 

VARTl) ... ... ... . 1 , ... 389 

condensation of, with malic acid (Dey, Rau and 

Sankaranarayanan) ... .... 76 

/3-Naphthol, coumarins and chromones from (Dey and Lakshmi- 

Narayanan) ... ... ,,, 149 



Index of subject 


667 

Paob 


I'Naphthylaorylic acid, tran8-j8-2-hydroxy- (Dby and Lakshmi- 

NARAYANAN) ... ... ... ... 285 

u>and ^-Naphthylamides, acetoacet-, acetonedioarboxy- (Naik 

and Thosar) ... ... ... ... 131 

1-Naphthylcrotonic aoid, ci«-y8-2-hydroxy-, ci«-o-ohloro-/3-2- 
hydroxy-. ci8-)3-2-hydroxy-(?) nifcro- (Dey, Bao and Sankara- 
NARAYANAN) ... ... ... 285, 286 

1-Naphthylglutuconic acid, ct8-/3-2-hydroxy-, (Dey, Bao and 

Sankauanarayanan) ... ... ... ... 286 

1-Na.phthylitaconic acid, traas-/3-2-hydroxy, cis-/8/8-methyl-2-» 
hydroxy- (Dey, Bao and Sa.vkaranauayanan) ... 286, 287 

1-Naphthylmethylacrylic acid, (/•on8-/3-2-hydroxy- (Dey, Bao and 

Sankauanarayanan) ... ... ... . ... 287 

Naphthylphenylkefcone, o-, & p-hydroxy-, 2-hydroxy- (Sen and 

Bay) ... ... ... ... 182, 183 

Narcotine, oxidation of, to ootarnine (.Khi.cwalia, Kochhar and 

Biv) ... ... ... ... ... 217 

Niton, diamagnetism in evidence of I. P. of (Biswas) ... 233 

2 :6-Dinitrobenzene, 1-chloro-, l-chloro-4-bromo-, l-cbloro-4- 

iodo-(SANE and Joshi) ... ... ... 60-61 

4 : 6-Dinitrobenzene, l-chloro-2-iodo-, 1 :3-dichIoro-2-bromo-, 

1 :3-dicbloro-2-iodo- (Sane and Joshi) ... 60-62 

2 :4 : 6-Trinitrobenzene, 1 :3-dichloro- (Sane and Joshi) ... 62 

Nitrogen, active, a test of rival theories of (Chhabra and 

Luthra) ... ... ... ... ••• 21 

Nitrogen, oxides of (Barnes) ... ... ... ^29 

4;6-Dinitrophenol, 3-chloro-2-bromo-, 3-chloro-2-iodo- (Sane and 


Joshi) ... ... ••• ••• 

a, & ^-Nitroxanthrarsinic acids (Das-Gupta) ... 897-898 

Nitrophenols, behaviour of, with p-toluenesulphonyl chloride 

(Sanb, Chakra V arty and Pabmaniok) ... ... 56 

(Sane and Joshi) «... ... ... 69 

synthesis of ohromo^es from (Chakravarti) ... 31 


o 

Opianic acid, condensation with ethyl-w-orcsotinate (Paul) ... 496 

Orgaho- arsenic compounds, studies in (Das-Gupta) 371, 393 

Oxidation-reduction potential, cystine and thioglycollic and 

thiolaotio acids (Ghosh, Eayohaudhuri and Ganquu) 48, 63 



668 


INDEX OF SOtWEC'r 


Page 

Oxidation of sulphur dioxide in the electrodeiess discharge 

(Mahant) ... ... ... ... ... 417 

Oxy-hydrogen mixtures, explosion of, in soap bubbles (Mitra, 

Chatterjee and Sen) ... ... ... ... 163 

P 

Pasteur’s Law (SiNou) ... ... ... ... 1 

Pectic acid, isolation of, from jute fibre (Chowdhury and 

Mitra) ... '.. ... ... ... 295 

Peroxidases (Dey and Sith.araman) ... ... ... 499 « 

Phenanthraquinone, dyes derived from (Dotta, Prasad and 

De) ... ... ... ... ... 211 

indigoid ■ dyes derived fronti (Dutta) ... ... 99 

Pheno-(a, /3)-aceDaphthacridine (Sircar and Raja Oopalan) ... 299 

Phenol, o-hydrazo- (Sen and Sadasivam) ... ... 40() 

Phenolic acids, Friedel and Craft’s reaction with (Mitter and 

Ray) ... ... ... ... ... 247 

Phenols, condensation of benzotricbloridc with (Sen and Ray) 181 
Phenylacetio acid, 2-hydroxy-3-methyl-6-a-triohlorotnethyl- 

phthalide (Meldrdm and Kapadia) ... ... ... 488 

Phenyl (2-hydroxy-3-methyl-6-carboxy-, 2-hydroxy-3-methyl-5- 
/8/3-dichloroethyl-6-carboxy,- 3-methyl-4-hydroxy-6-carboxy)- 
1-acetic acid (Meldrdm and Kapadia) ... 487, 488, 490 

Phenylene-l :6-bi8aoetic acid, 2-hydroxy-3-methyl-6-carboxy- 

(Meldrdm and Kapadia) ... ... ... 489 

Phfenylethylamide, p-methoxyphenylaceto-w-methoxy- (Chakra- 

VABTi, Vaidyanathan and Venkatasdbban) ... ... 674 

(Phthalide-carboxy-/3-m-methoxy) phenylethylamide (Chaeba- 

VABTi and Naib) ... ... ... ... 680 

Phenylhydrazine, reaction with quinolinic anhydride (Sbn- 

Gdpta *«id Siboab) ... ... ... ... 145 

Phenylhydrazine,’ ’ phthalyl-s-methyl-, quinolinyl-a-methyl-, 

naphthalyl-a-methyl-(SBN-GDPTA and Sircar) 147-148 

Phenylhydrazinonicotinate (Sen-Gdpta and Sircar) ... 147 

2-Phenylimino-3-phenyl-4-ketotetrahydrothiazole, bromo deri- 
vatives of (Farooq and Hunter) ... ... ... 649 

Phenyl (3'-carboxy-4'-hydroxy-, 8'-carboxy-4'-methoxy-, 3'-car-* 
boxy-4'-hydroxy-5'-methyl-, 8'-oarboxy-4'-methoxy-6'-methyl) 
-2-phthalide (Mitter and RAy) ... ... 249-250 



INDEX OF SUBJECT 


6G9 


Paob 

Phenyl (2-iodo-4 iC dinitro-, 2 :G-diniiro-, 4-bromo-2 :6-dinitro-, 
4-iodo* 2 :6-dinitro-, 3-chloro-2-broino-4 :6-dinitro-, 3-chloro- 
2-iodo'4 :6-dinitro-, 3 :0-dimetliyl-2 ;4*dmitro-)*p*toluene8ul- 

phonate (Sane and Josiii) ... ... ... 59-62 

Photochemical reactions, temperature coefficients of (Diiau 

and Bhagwat) ... ... ... ... 225 

Phthalic acid, 4-hydroxy -5-methyl-, (Meldrum and Kapadia) ... 490 

Phlhalide, 3 :4 :6-trihydroxy (or trimethoxy)'2-aa^-trichloro- 
propyl-, 3 :4 :5‘trimethoxy and 3 :4 ;5-triacetyl-2-a-chloro-a- 
propylene-, 4-hydroxy-3 ; 5-dimethoxy-2-aa/3-trichloropropy1- 

(Katrak and Meldrum) ... ... ... 124 

a-Trichloromethylphthalide, 3-hydroxy-4-methyl-, 6-methoxy- 

4-methyl- (Meldrum and Kapadfa) ... .. 485, 48 J 

Phthalide, '6-methoxy-4-methyl-a-carboxy- (Meldrum and 

Kapadia) ... ... ... ... 489 

Phthalide-carboxy-^-pbenylamide (Chakravarti and Nair) ... 579 

6-Methyl-3 :5-dimetboxy-l ;2-phthalide, condensation with ethyl 
• methoxy-m-cresotinate (Paul) ... ... ... 497 

3 :4 :5-Trimethoxy- 1 :2-phthalide, condensation of, with ethyl 

methoxy-m-crasotinate (Paul) ... ... ... 497 

Polyhalides, formation and dissociation of chloro-dibromide, 

chloro-di-iodide and bromo-di-iodide of hydrogen (Ray) 259 

Potassium dichromate, action of, upon ferrous salt (Prasad 

and Deshpande) ... ... ... ... 138 

Potassium permanganate, action of, upon ferrous salt (Prasae^ 

and Deshpande) ... ... ... ... 183 

3 : 10-Dimethoxytetrahydroprotoberberine, a new synthesis of 

(Chakravarti, Vaidyanathan and Venkatasdbban) 574, 676 

Protoberberine, (oxy), attempted synthesis of (Chakravarti 

and Nair) ... ... 677, 679 

Pyrazole, anhydrocotarnino-8 : 5-dimethyl-, anhydrocotamino- 

1 : 5-dipheny 1-3-methyl- (AhIEuwalia, Kochhar and Riv) ... 219 

Pyrazolone, gnhydrocotarnino-l-phenyl-8-methyl-(AHLXJWALiA, 


Kochhar and RAy) ... ... ... ... 218 

2 f6-Di-n-propyl-4-pyridone (Deshapande) ... ... 307 

2 :6-Di-n-propyl-4-pyrone (Deshpande) ... ... ... 808 

Pyroajmaline, (Sipdiqui and Siddiqui) ... ... ... 643 



670 


INDEX OF SUBJECT 


Q 


Page 

Quinolmaminic acid, anilido- (Sen-Gupta and Sircab) 146 

Quinoline compounds, studies in (Brahmachari and Das- 

Gupta) ... ... ... ... 37, 207 

Quinoline, 6-methoxy-8-jS-diethyl(or dimetliyl)<aminot8opropyl> 
amino-, S-jS-dimethylaminoisopropylamino-, 6 methyl-8-/8- 
dimethylaminotaopropylamino-, 2-methyl-6-metboxy8-j8- 
dimetbylaminoisopropyl amino-, /S-bydroxypropyl-8-amino-, 
6-ethoxy-/3-bydroxypropyl-8-amino-, 8-n-lactylamino (6-etbo- 
xy)- (Brahmachari and Das-Ghpta) ... 207-209 

Quinoline, 7-aldebydo-8-bydroxy-, 5-aldehydo-8-hydroxy- (Sen 

and Bay)- ... ... ... ... 178, 179 

3 :4-Dibydroi8oquinoline, G-metboxy-l (4'-methoxybenzyl)- 

(Ghakravarti, Vaidyanathan and Venkatasobban) ... 575 

1:2:3: 4-Tetrahydroxyisoquinoline, 0 metboxy-1 (4'-metboxy- 

benzyl)- (Ciiakravarti, Vaidyanathan and Venkatasubban) 575 
Quinolinic anhydride, reaction with pbenylbydrazine (Ben- 

Gupta and Sircar) . ... ... ... ... 145 

Quinolinyl dipbenylbydrazine (Sen-Gupta and Sircar) ... 146 

Quinoxaline, ajS-diamino- (Sircar and Pal) ... ... 529 

4 :5-Quinoxalino-2-furfuryliminazol6 (Sircar and Pal) ... 531 

4 :5-Quinoxalino-2-pbenyliminazole, 4'-metbyl-, 4'-nitro-,3'-nitro-, 
2'-hydroxy-, 2' ;4'-dibydroxy-, 4'-metboxy-, 4'-dimetbyl- 
amino-, 1-benzyl-, and 1-o-bydroxybenzyl-, (Sircar and 
Pal) ... ... ... ... 630, 631 

4 :6-Quinoxalino-l-p-methoxybenzyl- 2-p- methoxypbenylimina- 

zole (Sircar and Pal) ... ... ... ... 582 

a/3-Quinoxalinoiminazole, o-benzoylene, o-napbthoylene, o-cam- 

phorylene, o-diphenylene- (Sircar and Pal) ... 529, 530 

R 

Bauwolfia serpentina, Benth, alkaloids of (Siddiqui and 

SlDDIQUl) ... ... ... ~ ... 639 

Eeformatski's reaction with cerium powder (Lal aiidDuTT) ... 569 

Beimer-Tiemann reaction, studies in (Sen and Bay) ... 173 

Bhein, diacetyl (Mittbb and Banbbjbb) ... ... 377 

Beversibility of sols (Mittra and Dhab) ... ... 326 



INDEX OF SUBJECT 


671 


S 


Page 

Salicylaldehyde, 3-(5)*nitro, 3{5)-bromo-, S-chloro- (Sen and 

Kav) ... ... ... ... 174-176 

Salicylic acid, 3-(5)-bromo-, 6-ohIoro- (Si?:n and Eay) 174-175 

Scchium edulc (chow chow), peroxidase of (Dey and Sitha- 

raman) ... ... ... ... 499 

Selenium, some observation on (Barnes) ... ... 329 

Selenium dioxide (Barnes^ ... ... ... ... 329 

Serpentin.e, determination of OCH- in (Sidoiqui and SroniQu/J 544 
Silicic acid sol, prepation and properties of ( Ahobalacharya 

and DharI ... ... ... 444-446 

Silver chromate, Liesegang rings of, in gelatine (Desai and 

Nabau) ... ... ... ... ... 141 

Soap bul)ble8, explosion of oxy-hydrogen mixtures in (Mitra, 

Chatter.tee and Sen) ... ... ... ... 163 

Solid solutions, magnetic properties of (Bhatnagau and Kapur) 847 
Sols, highly concentrated, preparation and properties of 

zirconium hydroxide (Ahobalacharya and Dhar) ... 455 

Space displacements of terminal carbon atoms in ring-formation, 

a note on the calculation of (Gunjikau and Wheeler) ... 87 

Stannic arsenate, tungstate, phosphate and molybdate jellies 

(PuAKAsn) ... ... ... ... 198-200 

Stereochemistry and Pasteur’s Jaw, the early development of 

(Singh) ... ... ... ... 1 

Stilbene from thiobenzaldehyde (Mitra)... ... , 636 

Succinosuccinic ester, hetero-ring formation from anilino deriva- 
tives of (Pendsb and Dutt) ... ... ... 67 

Sulphatomercuriaoetoacet, anilide, o- and p-toluides (Naik and 

Patel) ... ... ... ... ... 192 

Sulphatomercuriacetoacetate, ethyl (Naik and Patel) ... 192 

Sulphoxide, acetoacetanilide-, acetoacet- (o-, ?n-, and p)-toluidi- 
des, acetoacet (a and ^)-naphtJ^ylamidea-, acetoacet (1 :3 :4, 
and 1 :4 :5)-xylidides-, acetonedicarboxyanilide-, acetonedicar- 
boxy (0- and p)4oluidide8-, acetonedicarboxy (a- and ^)-naph- 
thylamides- (Naik and Thosar) ... ... ... 132 

Sulphuric acid, coagulation of arsenious sulphide sol by, 

(JosHi and Phansalkar) ... ... ... 167 

Sulphur dioxide, oxidation of (Mahant)... ... 417 



672 


INDEX OF SUBJECT 


T 

Page 

Terminal carbon airoms, space displacement) of, in ring forma- 
tion,' (G un jikae and Wheelbb) ... ... ... 87 

Thioaoetophenone (Mitra) ... ... ... ... 637 

Thioanisaldehyde (Mitra) ... ... ... ... 636 

Thioaldehydes and thioketones (Mitra) ... ... 634 

Thiobenzatdehyde, o-nitro-, m-nitro- (Mitra) ... 634, 636 

j8-Trithiobenzaldehyde (Mitra) ... ... ... 636 

Thiobenzophenone (Mitra) ... ... ... ... 637 

Thiobisacetoacetanilide, (o, m, p)-toluidides, /3-nap hthylamide, 

1 :3 :4-xylylamide (Naik and Thosar) ... ... 477 

Thiobisrnalondi-n-propylamide-, di-fsobutylamide (Naik and 

Thosar) ... ... ... ... ... 477 

Diphenyl-^-thiohydantoin, bromination of (Farooq and Hunter) 545 
o-Diphenylthiocarbamide, p-fluoro-, p-iodo-, and p-cyano- 

(Hunter) ... ... ... ... 438-439 

Thiooarbamide, p-carbethoxyphenyl-, s-p-carbethoxyphenyl- 
methyl-, s-p-carbetkoxyphenylethyl, s-p- carbethoxyphenyl- 
isobutyl- (Hunter and Parkbn) ... ... 359-361 

Thiolactic acid, studies in oxidation-reduction potential of 
(Ghosh. Raychaudhyri and Ganouli) ... ... 63 

Thioglycollic acid, studies in oxidation-reduction potential of 

(Ghosh, Raychaudhuri and Ganouli) ... ... 53 

Di-o-tolyl-V'-thiohydantoin, bromo derivatives of (Farooq and 

Hunter) ... ... ... ... ... 651 

Thionaptbenepbenanthrene indigos (Dutta) ... ... lOl 

Tbionyl cbloride, a study of tbe interaction of, with substances 

containing reactive CHj- group (Naik and Thosar) 127, 471 

Thiosalicylic acid (S.bn and Ray) ... ... ... 179 

Thiosulphate ions, kinetics of reaction with bromacelate ions 

(Kappanna and Patwardhan) ... ... ... 379 

p-Toluenesulphonate, 4 : G-dinitrothymol and dinitrocarvacrol 

(Sane, Chakra V ARTY and Parmanick) ... ... 66 

p-Toluenesulphonate, 2-hydroxy-3-nitro-6-methylbenzoic acid 
ethyl ester (Sane, Chakravarty and Parmanick) ... 67 

Thorium, arsenate, molybdate and phosphate jellies (Prakash) 195,196 
s-o-Tolyl-p-bromo-o-tolylthiocarbamide (Farooq and Hunter) ... 6,52 



INDEX OF SUL'JECT 


673 - 


U 


Page 

Ullmann’s rc.action with cerium powder (Lal and Dutt) ... 569 
a-Unsuturated acids, a general synthesis of, from malonic acid 

(Dalal and Dutt) ... ... ... ... 309 

Y 


Vanadium pentoxide jelly (Prakash) ... ... 197 

Vanadium pentoxide sol, preparation and properties of 

(Ahobauacharya and Dhae) ... ... 441-444 

Viscose, properties of (CnownnuRY and Basu) ... ... 626 

surface, tension of, prepared from jute and cotton 
cellulose (Chowdhury and Basu) ... ... 626 

X 


S-Xantharsinic acid (Das-Gupta) ... ... ... 396 

Xantharsinic acid, /3-nitro-, /3-amino-, /3-acetylamino-, bromonitro- 

(Das-Gupta) ... ... ... 398-399 

Xanthone, 3-amino-, « (/3)-nitroamino-, monobromonitroamino- 

(Das-Gupta) ... ... ... ... 396 

Xanthoquinoline, j8-amino- (Das-Gupta) ... ... 400 

Xanthoquinoline-/8-arsinic acid (Das-Gupta) ... ... 400 

1:3:4- and 1 :4 :5-Xylidide, acetoacet- (Naik and Thosar) 131 


^inc arsenate jelly (Prakash) ... ... ... 199 

Zincke's reaction with cerium powder (Lal and Dutt) ... 567 

Zinc oxide, conductivity of solutions of (Snell) ... ... 6 '3 

Zirconium hydroxide sol, preparatidh and properties of (Dhar 

and Ahobalaohayya) ... ... ... 455-460 


Zirconium hydroxide, borate and molybdate jellies (Prakash) 193-195 


5 




ERRATA 


Page. 

line. 

Bead 

For 

3 

5 

(1592^-1655) 

(1592-1650) 

4 

A. 

2 

delete ‘for’ after 'accounted' 


4 

37 

1772 

1722 

6 

26 

hold 

held 

7 

f) 

1844 

184 

8 

7 

as he says 

he says 

9 

21 

insert full point in place of comma after ‘extent’ 

9 

27 

has 

had 

11 

9 

more 

mere 

12 

23 

HO^S/S^CHg ^ ,CH2 — SO3H 



for the formula given in the text. 

14 

13 

after ‘compounds* insert ‘with 

identical reflected images 



and asymmetrical compounds’ 

17 

15 

382*4 

‘382’ 



-0*10 

-0-14. 

18 

4 

insert ‘structure and molecular’ before ‘configuration’ 

18 

38 

1552 

1542 

18 

39 

116 

115 

19 

12 

Boeseken 

Boesehen 

19 

33 

13 

83 

97 

22 

s0*000937.5g. 

s0 0000375g. 

173 

14 

of 

fn 

177 

3 

filtrate 

filter 

177 

5 

‘described’ before 

‘by’ 

181 

3 

benzoyl 

benzyol 

181 


read th^last formula as 


OH 









